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ABSTRACT 
 
With over 13,000 ecologically diverse species exhibiting worldwide ubiquity in 
vegetated terrestrial ecosystems, ants are one of nature’s greatest success stories. 
Colonies range from a few dozen tiny workers housed inside of an acorn to millions of 
nomadic army ants known to consume even vertebrates. The ant fossil record is very rich, 
comprising thousands of amber and impression specimens spanning a hundred million 
years, the vast majority of which is Cenozoic. Until very recently, early ant history has 
been obfuscated by a lack of well-preserved fossils from the Cretaceous. Here, utilizing 
CT-scanning methodology and traditional methods, diverse species of ~99 million-year-
old Cretaceous ants are described from Burmese amber, which together comprise over 
one-third of all known Cretaceous ants. Among them are trap-jaw predators with scythe-
like mandibles not known in any living or extinct ants, as well as enigmatic feeders with 
hair-coated mouthparts, and several species with morphology analogous to that found in 
modern ants while retaining plesiomorphic features. These and other unusual Cretaceous 
taxa are contextualized for the first time, with results that challenge traditional viewpoints 
regarding the diversity, phylogenetic placement, and sociality of the earliest ants known. 
In the age of molecular phylogenetics the role of fossils can be unclear. Most 
frequently, fossils are included in analyses solely as calibration points for divergence date 
estimates, a practice that relies on assumed taxonomy and excludes biogeographic 
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information. To explore alternative roles for fossils in molecular-based biogeographic, 
phylogenetic, and temporal reconstruction, combined analysis methodology is explored – 
first, with respect to a small genus, and then finally applied to a large sampling of all ant 
subfamilies. The genus Leptomyrmex is endemic to eastern Australia, New Caledonia and 
New Guinea. Over 25 years ago, a putative fossil Leptomyrmex was described from 
Dominican amber dated to the Miocene. In the absence of compelling evidence other than 
taxonomic discussions in literature, researchers have typically excluded the Dominican 
fossil from phylogenetic and biogeographic reconstruction. To test the placement of the 
fossil, published molecular sequences for modern Leptomyrmex and related groups were 
merged with a novel morphological matrix. Through combined analysis the fossil was 
recovered among modern Australasian Leptomyrmex, indicating that the current 
distribution is a reflection of a great contraction and more complex biogeographic 
history. This same methodology is applied to a much larger dataset including members of 
all modern ant subfamilies in a preliminary total-evidence analysis of ants. 
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“Welcome aboard, Mr. Pilgrim,” said the loudspeaker. “Any questions?” 
 
Billy licked his lips, thought a while, inquired at last: “Why me?” 
 
“That is a very Earthling question to ask, Mr. Pilgrim. Why you? Why us for that matter? 
Why anything? Because this moment simply is. Have you ever seen bugs trapped in 
amber?” 
 
“Yes.” Billy, in fact, had a paperweight in his office which was a blob of polished amber 
with three ladybugs embedded in it. 
 
“Well, here we are, Mr. Pilgrim, trapped in the amber of this moment. There is no why.” 
 
- Kurt Vonnegut, Slaughterhouse-Five 
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Chapter I 
 
Broad Introduction 
 
Following their divergence from aculeate relatives over 100 million years ago, ants 
have radiated from a relatively inconsequential component of arthropod fauna to one of 
the most prolific and ecologically impactful groups of organisms on the planet (Brady et 
al., 2006; Moreau et al., 2006). The aim of this dissertation was to glean information from 
the formicid fossil record and better understand the evolutionary history of this 
remarkable group of animals. A major component of this goal is an attempt reach 
consilience between paleontological and molecular research, a theme that is broadly 
applicable to other organismal groups with rich fossil histories. 
 
A brief ant primer 
Crown-group ants are defined by a specialized metapleural gland visible as an 
opening located posteriorly on the mesosma, an elongated antennal scape, and a distinct 
waist segment called a petiole (Bolton 2003). The gland, thought to secrete anti-microbial 
substances (Yek and Mueller 2011), is a particularly defining synapomorphy as a 
complex organ known only in ants. It should be noted that this feature is lost in some 
derived modern genera. In this dissertation, ants are generally regarded as any aculeate 
possessing a metapleural gland and petiole, as the antennal scape is not elongate in most 
stem-group ant lineages. 
Ants today are conspicuous members of most terrestrial environments, demonstrating 
a wide array of behavioral and morphological strategies, while maintaining individually 
cohesive eusocial societies (Hölldobler and Wilson 1990). There are no known solitary 
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ants. As of writing, the family Formicidae comprises 16 extant subfamilies, 324 genera, 
and 13,042 species (AntCat 2015). Across species, colonies vary from a dozen 
“primitively eusocial” individuals in competition for reproductive status, to millions of 
morphologically sterile workers with advanced division of labor (Peeters 1997). With 
respect to trophic levels, species diets range from obligate fungivores to specialized 
nomadic army ant predators known to consume vertebrate fauna (Hölldobler and Wilson 
1990). Over 10,000 invertebrate species across 100 families are ant mimics or parasites 
of ants, with morphological or behavioral strategies that allow for exploitation of colony 
resources or predator avoidance (Mclver and Stonedahl 1993; Parker and Grimaldi 2014), 
a reflection of ant ubiquity. Formicid success has not gone unnoticed by researchers; ants 
are utilized as model organisms for the study of sociality, ecology, conservation, 
senescence, gene networks and speciation (e.g. Smith et al., 2009; Heil and McKey 2003; 
Andersen et al., 2002; Keller and Jemielity 2006; Toth and Robinson 2007; Linksvayer et 
al., 2012; Goropashnaya et al., 2004). In addition, because ants are a familiar biological 
system, many introductory textbooks cover topics such as mutualism through the lens of 
familiar leaf-cutter ants, or aphid-tending species such as Lasius flavus (Futuyma 2013).  
On outgroups 
A substantial element of this dissertation deals with the earliest branches of 
Formicidae, and therefore the selection of outgroups is likely to impact the phylogenetic 
reconstruction of these lineages. While the typical view of scientific progress is one of an 
increasingly clear picture developed over time through inquiry, to the author’s terror, 
time has appeared to actually complicate hypotheses relating to the position of ants 
within aculeate wasps. Initial morphological hypotheses suggested ants are sister to 
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(Scoliidae + Vespidae), with this clade subsequently sister to Bradynobaenidae (Brothers 
1975; Brothers and Carpenter 1993; Brothers 1999). Molecular analyses produce 
alternative hypotheses, including ants as sister to (Scoliidae, (Apterogyninae + 
Bradynobaeninae)) (Pilgrim et al., 2008); as sister to a complex of Vespoidea including 
Scoliidae and Tiphiidae, Scoliidae alone, or (Ampulicidae, (Chyphotidae, (Tiphiidae + 
Chrysididae))) (Heraty et al., 2011); ants as sister to Apoidea (Johnson et al., 2013); or 
sister to all other Aculeata (Faircloth et al., 2014). Clearly these relationships are highly 
sensitive to taxonomic and character sampling. To account for this ambiguity, multiple 
outgroup taxa from disparate aculeate families are included in phylogenetic analysis of 
early ant lineages. 
Fossil ants 
Interest in fossilized ants began in the 18th century with the study of Baltic amber, 
dated to the Eocene (reviewed in LaPolla et al., 2013). However, the first major 
monograph relating to Baltic amber would be published by Gustav Mayr in 1868, which 
is widely considered the first definitive work and still cited nearly 150 years later. Mayr 
examined 1,461 specimens, describing 49 species within 23 genera; among them are 
some of the earliest members of crown-group subfamilies such as Agroecomyrmecinae, 
Myrmeciinae, Myrmicinae, and Ponerinae. William Morton Wheeler, a pioneer and 
absolute force in myrmecology, influential ethologist, and Curator at the American 
Museum of Natural History prior to joining Harvard, would go on to publish a second 
substantial monograph on Baltic amber (Wheeler 1915), one of his 252 taxonomic 
papers. Wheeler examined nearly 10,000 specimens and described an additional 40 
species across 21 genera. Curiously, all species were attributable to modern subfamilies 
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and many were assignable to extant genera. It appeared that ants had changed very little 
in 40 million years. This would be the theme of Cenozoic ant fossils. With the exception 
of the massive hummingbird-sized subfamily Formiciinae, known only from Eocene 
imprint fossils (Lutz 1986), all fossils recovered from the Cenozoic are attributable to 
modern subfamilies and often extant genera. 
Until recently, early ant history has been obfuscated by a lack of well-preserved 
fossils from the Cretaceous. This period is of particular importance as it is between 120 
and 150 million years ago that modern ants are commonly hypothesized to have diverged 
from their nearest living relatives (Moreau et al 2006; Brady et al 2006). Wilson et al., 
(1967) described the first Mesozoic ant, Sphecomyrma freyi from New Jersey amber 
dated to 92 million years ago, prompting the creation of a new subfamily 
Sphecomyrminae. This fossil cleanly fit predictions of what a stem-group ant might look 
like. The specimen was a “mosaic of wasp-like and ant-like character states,” possessing 
the overall form of a modern generalist ant with a reduced antennal scape and narrow 
mandibles (Figure 1). It appears S. freyi and other initial Cretaceous discoveries did not 
reflect the true diversity of ancient ant fauna. The following 50 years yielded additional 
stem-group taxa from France, Burma, New Jersey, Siberia, and Canada in amber deposits 
ranging from 100 to 78 million years old (Nel et al., 2003; Dlussky 1996; Grimaldi et al., 
1997; Dlussky 1987; Dlussky 1999). At present, only five definitive crown-group species 
have been described from the Cretaceous (Grimaldi and Agosti 2000; Dlussky 1999; 
Engel and Grimaldi 2005; McKellar et al 2013), the remaining ~30 are either incertae 
sedis or placed in the putative stem-group subfamilies Brownimeciinae (Grimaldi et al., 
1997) and Sphecomyrminae (Wilson 1967), both considered basal. There exists an  
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Figure 1.  An early view of basal Cretaceous ants. Reconstruction of Sphecomyrma freyi 
(bottom) compared with hypothesized ant ancestor. From Wilson et al., 1967. 
 
incertae sedis family with some antlike features called Armaniidae described from 
African and Asian impression fossils (Dlussky 1983), however the lack of detail in these 
specimens has prevented any convincing phylogenetic placement within Vespoidea 
(Hölldobler and Wilson 2005). 
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The past decade has seen a near-doubling in the number of described Cretaceous ant 
taxa, owing primarily to new material from Burma (99 Ma) (Barden and Grimaldi 2012; 
2013; 2014; Perrichot 2014; Barden and Grimaldi, herein), France (100 Ma) (Nel et al., 
2004; Perrichot et al., 2008), and Canada (78 Ma)(McKellar et al 2013). These 
discoveries ultimately shifted the focus of this dissertation, and most of the following 
chapters reflect an opportunistic attempt to detail the history of ants through the enticing 
porthole of Cretaceous amber.  
Chapter IIa-c  
Along with approximately contemporaneous Charentese amber from France, 99 
million-year-old Burmese amber is the earliest window into Cretaceous ant fauna. This 
chapter is a compendium of three taxonomic papers published in American Museum 
Novitates, Zootaxa, and PLoS One describing a combined total of 12 new species from 
Burmese amber. Together, these descriptions comprise approximately one third of all 
known Cretaceous ant species to date and serve as a foundation for Chapters III and V. 
Because some described morphotypes are largely novel with respect to modern ants, 
discussions also contain some speculation regarding behavior and diet.  
Chapter III  
Two additional Cretaceous species and new castes are described from Burmese amber 
material. Newly described and other important Cretaceous taxa are analyzed cladistically, 
and through morphometrics to assess patterns of ancient diversity relative to modern 
morphospace. The chapter also contains detailed assessments of remarkable specimens 
with numerous worker ant inclusions, the significance of reproductive castes among 
Cretaceous ants, and implications for social behavior. The paper is currently in 
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preparation for submission to Nature, with the hope that it will be of broad interest as a 
detailed account of advanced sociality and adaptive diversity among the earliest ants 
known. 
Chapter IV 
Moving into the Miocene, Chapter IV is an attempt to objectively place a 
controversial fossil taxon among modern species. Extant members of the genus 
Leptomyrmex are endemic to Australia, New Caledonia, and New Guinea, while a 
contentious fossil, Leptomyrmex neotropicus, is known from approximately 20 million-
year-old Dominican amber. This disjunct distribution has led to taxonomic ambiguity, 
impacting biogeographic and temporal reconstructions of Leptomyrmex. Through 
combined analyses of novel morphological and published molecular data, the position of 
L. neotropicus is evaluated objectively as a case study for the incorporation of fossil taxa 
in molecular-based datasets. This chapter will likely be submitted to the Journal of 
Biogeography or Cladistics. 
Chapter V 
Blending the techniques applied in Chapter IV with the taxa explored in Chapters II 
and III, a preliminary combined analysis is applied to Formicidae as a whole. A large-
scale published molecular dataset representing all ant subfamilies and several aculeate 
outgroups is combined with the morphological character set developed in Chapter III for 
modern and extinct taxa. Phylogenetic hypotheses are generated utilizing multiple 
taxonomic and character partitions to explore the impact of combined analysis on 
generating new topological hypotheses, divergence date estimation, and fossil placement 
overall. 
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Chapter II(a) 
 
Rediscovery of the bizarre Cretaceous ant Haidomyrmex Dlussky (Hymenoptera: 
Formicidae), with two new species 
 
Adapted From P. Barden and D. Grimaldi. 2012. Rediscovery of the bizarre Cretaceous 
ant Haidomyrmex Dlussky (Hymenoptera: Formicidae). American Novitates 3755: 16pp 
 
 
Abstract 
The discovery of two distinct, near-complete specimens belonging to the Cretaceous 
ant genus Haidomyrmex Dlussky prompts a detailed description and discussion of a 
remarkable mandibular morphology. The specimens, preserved in 98 million-year-old 
amber from northern Myanmar, are described here as Haidomyrmex scimitarus sp. n. and 
Haidomyrmex zigrasi sp. n., with diagnostic differences provided between them as well 
as with H. cerberus Dlussky (also in Burmese amber). Relationships and comparisons of 
H. scimitarus, H. zigrasi, H. cerberus, and the recently described Haidomyrmodes 
mammuthus Perrichot from Cretaceous French amber are also discussed. Haidomyrmex 
was probably arboreal, cursorial, and a specialized trap-jaw predator, utilizing its 
enormous mandibles and cranial morphology in concert to capture prey. Mandibles 
appear to have moved in a plane oblique to the dorsoventral and horizontal axes of the 
body, unlike the lateral plane movement of modern ants. The additions of these new 
fossils provide insight into some of the earliest yet surprisingly specialized ants that 
roamed the Earth. 
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Introduction 
Amber from northern Myanmar, commonly called Burmese amber, has held mystique 
for millennia. Its original use was for ornamental carvings in China, beginning since at 
least the Zhou dynasty, ca. 600 BC (Xu, 2010). The amber became known to western 
geologists at the end of the 19th century (Zherikhin and Ross, 2000), and soon thereafter 
study began of the insects fossilized within it. For 85 years the only collection of 
fossiliferous Burmese amber was at the Natural History Museum, London (hereafter 
NHM), which was studied by the prolific entomologist T.D.A. Cockerell (1866–1948).  
Cockerell published 13 papers on 41 new arthropod species in the NHM collection, and 
insightfully proposed that the amber could be Cretaceous, not Miocene or Eocene as had 
been commonly believed. Cockerell was very observant, and he knew Hymenoptera 
particularly well, but interestingly he did not report what is arguably the most intriguing 
fossil within the NHM collection: a large ant with bizarre, sickle-shaped mandibles. The 
description and significance of this ant, Haidomyrmex, was instead reported some 80 
years later (Dlussky, 1996), based on one partial and one very fragmentary specimen in 
the same piece of amber in the NHM collection. If Cockerell saw the specimen, was he 
too perplexed by Haidomyrmex to interpret and describe it?  
Ants are ubiquitous in nearly every terrestrial environment, exhibit the highest degree 
of social organization in the animal kingdom, and are keystone members of most 
ecosystems they inhabit (Hölldobler and Wilson, 1990; Schultz, 2000). It is difficult to 
picture a world devoid of ants; however, the earliest definitive physical evidence for their 
presence is approximately 100 million years old, in French and Burmese amber deposits 
(Engel and Grimaldi, 2005), despite numerous insect-yielding amber deposits of this age 
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and older (Perrichot et al., 2008). It should be noted that the specimens described here, 
along with the previously discovered Haidomyrmex cerberus Dlussky and 
Haidomyrmodes mammuthus Perrichot, were recovered from these two deposits and so 
are the oldest representatives of the Formicidae. Ants are scarce in Cretaceous amber 
deposits. Their abundance, measured as a proportion of ants among all individual 
inclusions, increases from less than 1% during the Cretaceous, to up to 20–40% of all 
insects in deposits dating to the Oligocene and younger (Grimaldi and Agosti, 2000), 
making all Cretaceous discoveries of particular interest.  
To elucidate questions regarding the early history of ants, many have turned to 
molecular phylogenetics. Two large-scale molecular efforts by Brady et al. (2006) and 
Moreau et al. (2006) suggest that crown-group ants diverged sometime between 115–135 
and 140–168 million years ago, respectively. These ranges are incongruent with fossil 
evidence, the latter pre-dating the oldest aculeate fossils dated at 146 Ma (Rasnitsyn and 
Quicke, 2002), and, while the discrepancy may be due to incomplete fossil preservation, 
there is also potential for error in the estimates themselves. These molecular estimates 
used fossils as calibration points; however, the exact phylogenetic position of the fossils 
within the Formicidae was not cladistically analyzed. This calibration scheme can lead to 
imprecise phylogenetic placement, which may adversely affect estimated dates (Brady, 
2011). No member of the extinct, purportedly stem-group subfamily Sphecomyrminae – 
to which each ant discussed here belongs – has been a part of the current molecular-based 
narrative of ant history. If we are to understand the early history of the ants, it is essential 
that critical fossils be described and contextualized.  
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The specimen that Cockerell mysteriously left undescribed was the first in what 
would be a series of illuminating and unusual amber fossil ants. Dlussky (1996) described 
H. cerberus from the original specimen now known to be approximately 100 million 
years old, placing it in the extinct subfamily Sphecomyrminae along with subsequent 
authors (Engel and Grimaldi, 2005). A decade after H. cerberus was described, similar 
scythe-mandibled ants were discovered in ~100 Ma French amber. These three partially 
preserved individuals, a gyne and two workers, were determined to be conspecific and 
described as the aforementioned Haidomyrmodes mammathus, demonstrating that this 
unusual scythiform morphology was not entirely uncommon (Perrichot et al., 2008). The 
morphological similarities between Haidomyrmodes and Haidomyrmex led to the 
placement H. mammathus in the tribe Haidomyrmecini, which Bolton (2003) first erected 
for Haidomyrmex. In these new descriptions, this tribe assignment, as well as 
classification of Haidomyrmex within the Sphecomyrminae, is followed as in previous 
descriptions, based largely on antennal scape length and mandibular morphology. Here, 
we describe two new species of the genus Haidomyrmex from a putative worker and a 
dealate female, with hopes of offering additional evidence for understanding these 
unusual animals. 
 
Materials and Methods 
One specimen is part of a collection of Burmese amber purchased from Mr. 
Federico Berlöcher in the American Museum of Natural History (AMNH); the other is on 
loan from the personal collection of Mr. James Zigras. Both specimens originated in 
Kachin State, the region of historical and presently active burmite mines (Grimaldi et al., 
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2002; Cruikshank and Ko, 2003).  Modern information of the age of the strata bearing 
this amber indicated an age of Late Albian to Cenomanian, ca. 105–95 mya, based on 
palynology, an ammonite, and the insect taxa within Burmese amber (Cruikshank and 
Ko, 2003; Grimaldi et al., 2002).  Most recently, the amber has been dated 
radiometrically to a maximum of 98.8 ± 0.62 mya (Albian-Cenomanian boundary), based 
on 206Pb/238U isotopes in magmatically-derived zircon crystals taken from the 
sedimentary matrix surrounding the amber (Shi et al., 2012). 
     The new specimen of Haidomyrmex scimitarus sp. n. is preserved within a small, 
prism-shaped piece of dark amber 23 x 7 x 7 mm in size, which had been partially 
flattened and polished on all sides prior to acquisition.  The amber piece is dark orange 
and contains a suspension of fine bubbles and organic particles, as well as an alate aphid 
(Aphidoidea). The specimen of Haidomyrmex zigrasi n. sp. is contained within a 
polished, circular 25 x 28 x 17 mm fragment of amber along with a beetle and a 
suspension of fragmentary insects, plant trichomes, and pollen. Ant inclusions were 
studied using conventional light stereomicroscopy (20–200x) with fiber optic 
illumination.  However, slight turbidity of the amber obscures some crucial, microscopic 
details of the external cuticle, so the H. scimitarus specimen was also scanned using high-
resolution X-Ray computer microtomography (CT). In order to scan the amber piece, it 
was mounted on a steel rod, vertically and in line with the rod, by applying several layers 
of double-stick carbon SEM tape to the narrow, barren end of the piece distant from the 
ant; then applying a drop of Superglue to the tape surface and the tip of the rod.  The 
other end of the rod was inserted into a customized chuck to allow for a consistent center 
of rotation in fine increments during X-Ray exposure. Scanning was performed on a GE 
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Phoenix vtomex s 240 at 60kV and 180 µA for 5-second exposures. Resulting images 
were 42µm per pixel in resolution, stitched together in Image J v1.45 and rendered in 
Volume Graphics Studio Max v2.2. 
    After scanning, the amber piece was embedded in a very clear epoxide resin (EpoTek 
301-2) using the protocols described by Nascimbene and Silverstein (2000), and then 
trimmed and polished slightly closer to the ant in order to visualize minute surface 
structures.  Epoxy embedding also stabilizes the amber piece by sealing it against 
oxidative deterioration and accidental damage. 
     Measurements were made using two methods:  an ocular reticule in a Leitz Wetzlar 
stereomicroscope, and the calibrated scale on the CT scan images.  The amber pieces 
were repositioned multiple times when measuring with the ocular reticule, by gently 
pressing the piece into a small piece of dental wax applied to a microscope slide. The 
advantage of measurements using the CT scale is that the ant image can be rotated for 
optimal viewing (e.g., longest linear distances); the disadvantage is that thin cuticle and 
fine structures are not resolved in the CT image.  
 
Sytematics 
Order Hymenoptera Linnaeus, 1758 
Family Formicidae Latreille, 1802 
Genus Haidomyrmex Dlussky, 1996 
 
Haidomyrmex Dlussky, 1996: 449.  Type species:  H. cerberus Dlussky, 1996, by 
original designation. 
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     Diagnosis:   Gracile ants of varied body length (3.5 – 8.0 mm), lacking extensive 
cuticular microsculpture; ocelli lacking; eyes bulging; antennae long, pedicel very short, 
ca. 0.20 – 0.12x length of scape; clypeus developed into a setose pad just below antennal 
insertions, bearing pairs of fine, long trigger hairs laterally; face and gena distended; 
mandible scythe or L-shaped, with very long apical tooth; mandibles oblique at base and 
parallel along tips and apparently moved obliquely, with tips of apical teeth meeting 
clypeus; pronotum with narrow neck; thoracic sutures oblique; legs very long; pretarsal 
claw with single subapical tooth; propleuron very well developed; articulations between 
thoracic segments very well developed; propodeum with shallow or steep declivity; 
pedicel dome-shaped, peduncle slender; metasoma with telescoping segments; sting large 
and entirely retractable.  
   
Haidomyrmex scimitarus, new species 
Figs. 1–4 
 
     Diagnosis:  Most similar to H. cerberus but distinguished by H. scimitarus having 
slightly larger eyes; mandibles are more curved and scythe-shaped (instead of L-shaped), 
held partially parallel (vs. oblique) to each other, with bases close (vs. bases well 
separated); vertex of head glabrous (vs. with numerous erect setae); a longer and more 
slender face and gena; frontal lobe bearing stiff setulae; ventral margin of face above  
  19 
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Figure 1. Photomicrographs of described specimens. A) Full view of H. scimitarus sp. 
n. in Burmese amber holotype AMNH Bu-FB80 B) Close view of cranial features of H. 
scimitarus. C) Full view of entire H. zigrasi sp. n. specimen in Burmese amber holotype 
JZC-BuXX D) Close view of cranial features of H. zigrasi. 
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Figure 2. Computed Tomographic Scan renderings of H. scimitarus sp. n. holotype. 
Multiple views of entire body in various rotations. 
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Figure 3. CT-Scan rendering of H. scimitarus depicting a lateral view of cranial features 
and propleuron/pronotum.  
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Figure 4. Reconstructed habitus of new (Top) H. zigrasi n. sp., (Middle) H. scimitarus 
sp. n., showing main portions of body, and (Bottom) with appendages included.  
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labrum with 4 upcurved setae; funicular article 2 twice length of article 1 (pedicel), 
article 3 is 4x the length of pedicel (vs. funicular article 2 only slightly longer than 
pedicel, article 3 twice length of pedicel); mesonotum longer and more slender, with 
well-developed propleuron that is dorsally exposed; propodeal declivity shallow (vs. 
steep); procoxae very long, nearly twice the length of metacoxae; metacoxa with very 
sparse (vs. dense) setae ventrally.  Differs from gyne of H. mammathus by being more 
than double total length (8.0 to 3.7mm); lacking ocelli; possession of frontal lobe with 
stiff setulae; antenna over twice as long (5.66 to 2.37mm); funicular segments are not all 
homogeneous in length and are relatively longer. Characteristics of H. scimitarus, H. 
zigrasi, H. cerberus, and H. mammathus are summarized in Table 1 (see also diagnosis of 
H. zigrasi sp. n.).  
Table 1. Comparison of Haidomyrmex scimitarus sp. n., H. zigrasi sp. n., H. cerberus 
Dlussky, and Haidomyrmodes mammathus Perrichot. First five rows correspond to 
preservation details in grey, morphological details below. 
AMNH Bu-FB80 
Haidomyrmex scimitarus 
sp. n. 
JZC-BuXX Haidomyrmex 
zigrasi sp. n 
NHM IN. 20182 
Haidomyrmex cerberus 
Dlussky 
MNHN ARC 50.2 
Haidomyrmodes 
mammathus Perrichot 
Dealate female Wingless female Wingless female Winged female 
Antennae complete Antennae complete Right antenna with basal 7 
segments 
Antennae complete 
Entire metasoma present Entire metasoma present Metasoma with only basal 
segment 
Entire metasoma present 
Legs articulated to 
metasoma 
All but one leg articulated to 
metasoma 
Legs detached from specimen Legs articulated to 
metasoma 
Entire head visible Entire head visible Entire head visible Aspects of head not visible 
Total length: 8.0mm Total length: 3.5mm Total length unknown Total length 3.7mm 
Clypeal process covered in 
setae 
Clypeal process covered in 
setae 
Clypeal process covered in 
setae 
Clypeal process not present  
No ocelli No ocelli No ocelli Two ocelli present 
Scythe-like L-shaped 
mandibles, parallel at tips 
Mandibles somewhat 
straight, although gradually 
curved ventrally, parallel at 
tips 
Mandibles oblique and curved, 
not parallel 
Scythe-like L-shaped 
mandibles, parallel at tips 
Flagellomeres variable in 
length 
Flagellomeres variable in 
length 
Flagellomeres variable in 
length  
Flagellomeres all same 
length, short and broad 
Two pairs of trigger hairs 
visible on clypeus 
Two pairs of trigger hairs 
visible on clypeus 
Two pairs of trigger hairs 
visible on clypeus 
No trigger hairs visible 
Metapleural gland present Metapleural gland present Metapleural gland present Metapleural gland not seen 
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     Description:   HEAD:  Vertex broad, evenly rounded, glabrous, no ocelli apparent nor 
traces thereof. Length/depth of head capsule 1.35 mm. Head-thoracic articulation 
(occipital foramen) situated very dorsad, near dorsal margin of postocciput. Compound 
eyes situated high on head capsule, distance between dorsal margins of compound eye 
and head capsule 0.28x depth of compound eye; compound eye bulging, nearly 
hemispherical in lateral view, length 0.90x depth; compound eye depth 0.30 mm with 
longest axis in line with vertical axis of head. Antennal bases exposed, frontal lobes 
absent; slight, short frontal carinae present just lateral to antennal articulation.  Antenna 
very long, total length 5.66 mm, 10 funicular segments; antennomere lengths (in mm) 
scape 0.90, pedicel 0.17, flagellomere (F) I 0.35, FII 0.75, FIII 0.57, FIV 0.50, FV 0.47, 
FVI 0.47, FVII 0.50, FVIII 0.55, FIX 0.52, FX 0.45.  Apex of scape slightly broadened, 
margin ventrally bearing strong, recurved seta; dorsally with pair of stiff setae that point 
forward; FI with stiff, erect seta on ventral surface near proximal end. Small lobe 
protruding between bases of antennae, anteroventral margin with row of six minute, stiff 
setulae.  Clypeus large, protruding, approximately pentagonal in shape in full dorsal 
view; bearing dense, brush-like vestiture of stiff, black setae arranged in rows, longer 
setae on ventral margin.  Ventral surface of clypeus with two pairs of long, fine setae 
(trigger hairs); each seta slightly bent at basal quarter; each pair of setae flanking tips of 
mandibles; trigger seta length 0.67 mm.  Ventral surface of clypeus attached to pyramidal 
lobe, with ventral point of pyramid distended into a shallow, median facial carina.  Face 
and gena greatly distended, to twice or more depth of compound eye. Labrum a small 
lobe dorsal to and between bases of mandibles. Oral margin just above labrum with four 
fine, upcurved setae. Mandibles long, scythe- or sickle-shaped, curved upward; bases 
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short, posteroventral corner projecting backward, and main portion of mandible curved 
and tapered to sharp point. Length of curved portion of mandibles (apical tooth) 1.35 
mm. Mandibles very close together, parallel to each other; inner surfaces flat, with 
shallow concavity along basal half of curved, main portion; deep, mesal concavity at base 
of main portion of mandible, concavity bearing group of small, stiff setae. Posteroventral 
portion of mandible, where corner is projected posteriad, heavily sclerotized and bearing 
3–4 fine mesal teeth on left mandible, 2–3 slightly larger teeth on right mandible. Base of 
mandible short, perpendicular to curved portion, not parallel, with V-shaped dicondylic 
articulation. Tips of mandibles reach (as preserved) to clypeus; near apex of each 
mandible with very fine, slightly bent seta on dorsal surface. Maxillary palps with at least 
four palpomeres; most basal visible palpomere shortest, apical one longest (3x length of 
basal palpomere), second palpomere thickest, with small group stiff setulae on 
distoventral margin.    
     MESOSOMA:   Long, slender, length  of pronotum through metanotum 2.024 mm 
(dorsally), propodeal length 1.05 mm, petiole length (from anterior portion of stem to 
posterior margin, plus helcium) 0.90 mm. Propleuron well developed, with dorsal 
portions exposed and visible dorsally.  Sulci between propleuron and pronotum, 
pronotum and mesonotum, and the meso- and metanotum/propodeum very well 
developed (presumably articulated freely), sulci parallel and oblique (lying at an angle of 
c. 40° from longitudinal axis of mesosoma). Pronotum with posterior margin having lobe, 
mesothoracic spiracle lying just above lobe. Meso- and metanota with wing bases intact, 
distal ends of wings torn/shredded. Two slight carinae lying just above mesothoracic 
wing base.  Metanotum 0.65x length of mesonotum, with short, faint posterior lobe 
  28 
demarcating metascutellum.  Metapleuron shallow, no deeper than metanotum. Dorsal 
level of propleuron, pronotum, mesonotum, and metanotum nearly at same level; dorsal 
surface of propodeum (declivity) gradually sloped. Propodeal spiracle raised, prominent; 
metapleural gland opening circular, slightly depressed, without antero-dorsal ledge.  Legs 
very long. Procoxa long, length equal to that of propleuron; mesocoxa short, stout, length 
0.6x that of procoxa; metacoxa slightly longer than mesocoxa, with dorsal surface 
flattened, ventral surface with very sparse, fine setulae. Distal (coxal-trochanteral) 
articulations of meso- and metacoxae on dorsal surface. Trochantellus of pro- and 
mesothoracic legs barely distinguishable; that of metathoracic leg well defined. 
Prothoracic leg with well-developed calcar. Meso- and metathoracic tibiae with ventral 
pair of long apical spurs (lengths 1.3x thickness of tibia), short pair of spurs flanking 
these (0.5x the length), pair or two of short, stiff dorsal setae on apex.  Tibial lengths: 
prothoracic 1.45 mm, meso- 1.77 mm, meta- 1.80 mm.  Femoral lengths (exluding 
trochantellus) pro- 1.80 mm, meso- 1.85 mm, meta- 1.95 mm. Ventral surfaces of 
tarsomeres with fine setulae and two longitudinal rows thick, short setae.  Pretarsus with 
claw having single preapical tooth; arolium well developed.   
     METASOMA: Petiole 0.90 mm, just slightly shorter than propodeum, with dome-
shaped dorsal surface, peduncle very narrow (0.25x depth of deepest portion of petiole); 
petiole with posterior shelf over anterior margin of helcium. Petiolar spiracle between 
peduncle and expanded part of petiole. Helcium exposed, well developed.  Gaster 
(metasoma minus petiole) short, length 2.4 mm [as preserved], with gastral segments I 
and II (abdominal segments III and IV) comprising ca. 0.75 length of gaster [as 
preserved]. Gastral tergite II slightly longer than tergite I. Gaster segments III, IV, V 
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(pygidium and hypopygium) telescoping; pygidium and hypopygium setulose.  Sting 
very well developed, fully retractable, length 0.75 mm (base, including venom bulb, not 
visible in CT scan).   
     Type Specimen:  Holotype, dealate female: Amber: Myanmar, Kachin State (nr. 
Myitkyina) AMNH #Bu-FB80 purchased 2009 ex: Federico Berlöcher. 
     Etymology: scimitarus. From the Middle Eastern sword, or scimitar, that bears an 
overall shape similar to the mandibular morphology observed. 
     Comments:  It is extremely unlikely that all of the differences between this new 
specimen and the holotype of H. cerberus are simply due to castes (both specimens 
hailing from the same deposit and H. scimitarus being a dealate and therefore probably a 
reproductive; the holotype of cerberus a worker).  Caste differentiation may account for 
the larger eye in H. scimitarus, since queens of modern species usually have larger eyes 
relative to head size compared to workers (varying from only slightly to dramatically so).  
Like males, queens also have the mesosoma dorsally flattened, but typically deeper than 
in workers (the opposite of the situation in these two Haidomyrmex specimens).  Also, 
the size of the queen metasoma is relatively large in proportion to overall body size 
compared to that of workers due to flight muscles, but the metasoma in H. scimitarus is 
quite small. Lastly, it is highly unlikely that the differences in pilosity as well as the 
proportions of the coxae, basal funicular articles, head capsule, and mandibles that are 
observed here are due to caste differentiation, since both workers and a gyne of H. 
mammuthus are known and the castes differed only in size and in minor aspects of 
mandibular morphology (Perrichot et al., 2008).  
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Haidomyrmex zigrasi, new species 
Figs. 1,4 
 
 Diagnosis: H. zigrasi is distinct from H. cerberus and H. scimitiarus by the 
following: total size less than one half that of H. cerberus and H. scimitarus; mandibles 
not in an L-shape with an initial horizontal protrusion; each mandible with single basal 
tooth at 0.25x mandible length projecting ventrally; teeth asymmetrical with right tooth 
2-3x longer than that of left; trigger hairs shorter; small hairs present on tip of apical 
tooth, with minute serrations; maxillary palps very short; eyes closer to anterior margin of 
head not near middle; 10 funicular segments, shorter and stouter than in other 
Haidomyrmex specimens; meso- and metanotum much shorter than in H. scimitarus; pro- 
and meso-coxae not distant; small sub-petiole process projecting ventrally near 
mesasoma; dorsal region of propodeum rugose. Differs from Haidomyrmodes 
mammathus by lack of ocelli; mandibular shape; setose pad projecting between eyes; 
funicles of varied lengths. 
 Description:   HEAD: Vertex broad, gradually but shallowly rounded, four evenly 
spaced setae dorsally, with no ocelli. Length/depth of head capsule 0.62 mm. Occipital 
foramen very dorsal near dorsal margin of postocciput. Compound eye lies in anterior 
half of head capsule, distance between dorsal margins of compound eye and head capsule 
approximately same as depth of compound eye. Compound eye length 2.4 mm, depth 2.0 
with longest axis oblique to dorsal/horizontal axes of head. Antennal bases exposed, 
frontal lobes absent. Total antenna length 1.93 mm, funiculum composed of 10 
flagellomeres; lengths (in mm) scape 0.40, pedicel 0.08, flagellomere (F) I 0.10, FII 0.15, 
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FIII 0.13, FIV 0.11, FV 0.10, FVI 0.11, FVII 0.13, FVIII 0.13, FIX 0.14, FX 0.15, FXI 
0.19. Dorsally, apex of scape with pair of setae pointed forward; funiculum 2 with stiff, 
erect seta on ventral surface near proximal end. Small lobe protruding below bases of 
antennae, anteroventral margin with row of 4 minute, stiff setulae. Clypeus large, 
protruding with flattened face, approximately pentagonal in shape from dorsal angle; 
coated with longer setae on ventral margin and short peg-like setae above. Ventral 
surface of clypeus with two pairs of fine setae (trigger hairs) 0.12 mm in length; trigger 
hairs flanking tips of mandibles. Ventral surface of clypeus attached to pyramidal lobe, 
with ventral point of pyramid distended into shallow, median facial carina. Face and gena 
distended to depth of 1.5x length of compound eye. Mandibles curved upwards 
immediately from base, terminating at a point nearly reaching clypeus. Length of 
mandibles approximately 0.51 mm. Mandibles close together, parallel to each other; inner 
surfaces flat. Posteroventral portion of mandible, where corner is projected posteriad, 
sclerotized and possessing single, ventrally protruding tooth on each mandible. These 
teeth asymmetrical, with right one 3-4 times the length of left one. Maxillary palps very 
small, last two segments visible and approximately equal in length. 
     MESOSOMA: Slender, length of pronotum through metanotum 0.73 mm dorsally, 
propodeal length 0.30 mm, petiole length (from anterior portion of peduncle to posterior 
margin, including helcium) 0.51 mm. Propleuron long, does not extend dorsally, 
possesses four small, erect setae ventrally. Prothoracic and mesothoracic culcus very well 
developed. Pronotum extended in the anterior-posterior plane, gradually rounded 
posteriorly, forming drop shape. Mesonotum possesses two dorsal humps of different 
sizes, anterior mesoscutum one nearly 3x larger than mesoscutellum. Pronotum, 
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mesonotum, and propodeum gradually descend in height until petiole. Dorsal surface of 
propodeum with slight rugosity; propodeal declivity steep and abrupt. Propodeal spiracle 
large and raised I center of propodeum; metapleural gland opening oval-shaped, facing 
slightly ventrally, with faint anterodorsal groove. Legs long. Procoxa length 0.24 mm; 
mesocoxa 0.15 mm; metacoxa 0.11 mm. Meso- and metathoracic tibiae with ventral pair 
of long apical spurs (lengths 1.9x thickness of tibia), short pair of spurs flanking these 
(0.3x the length), several short, stiff dorsal setae on apex. Tibial lengths: prothoracic 
(slightly obscured) 0.53–0.65 mm, meso- 0.33 mm, meta- 0.43 mm. Femoral lengths 
(excluding trochanter) pro- (slightly obscured) 0.65–0.75 mm, meso- 0.36 mm, meta- 
0.40 mm. Ventral surfaces of tarsomeres with fine setuale and two longitudinal rows of 
thick, longer setae. Pretarsus claw with single preapical tooth; arolium well developed. 
     METASOMA: Petiole 0.38 mm, approximately equivalent in size to propodeum, 
dorsal surface dome-shaped, with four stiff, fine setae; small sub-petiolar process 
projecting ventrally as a minute tooth; petiolar spiracle just above this process, near 
propodeum. Gaster 1.18 mm in length with gastral segments I and II comprising ~0.50 
total gaster length; spiracles present on these segments near median sulci. Gaster segment 
V setulose. Sting well developed, although disarticulated in specimen. 
     Type Specimen:  Holotype, wingless female: Amber: Myanmar, Kachin State (nr. 
Myitkyina) In private collection of Mr. James Zigras, specimen available for study 
through AMNH. 
 Etymology: zigrasi. Patronym, for James Zigras for his generosity in loaning this and 
other Burmese amber specimens for study. 
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     Comments: There are strong lines of evidence indicating that H. zigrasi is not merely 
another caste of H. scimitarus or H. cerberus but in fact a distinct species. First, while 
there is precious little data in the way of caste differentiation in Cretaceous ants, the one 
definitive conspecific description from Perrichot et al. (2008) demonstrates that 
reproductives and workers are only slightly distinct morphologically in Haidomyrmodes 
mammathus – with only major differences in body size and measurements. In the case of 
H. zigrasi, mandibular morphology, propleuron shape, body size, petiole shape, and 
cuticular sculpturing are all distinctly different from H. scimitarus and H. cerberus. 
Perhaps the most curious aspect of this new specimen is the asymmetrical basal teeth 
located on the mandibles. How did these function with regard to a trap jaw lifestyle? We 
speculate that the asymmetry allowed to mandibles to lock together as in H. scimitarus or 
aided in mastication after prey were subdued. Still another possibility is that the small 
teeth enabled these ants to finely manipulate brood and nest substrate, which would 
otherwise seem very challenging. 
 
Discussion 
Feeding Mechanics and Behavior.  In all ants (living and fossil) except Haidomyrmex 
and potentially Haidomyrmodes, the mandibles move laterally, with the toothed, 
masticating surfaces meeting medially.  Several lines of morphological evidence indicate 
that the mandibles of current members of the Haidomyrmecini, particularly those of H. 
scimitarus and H. zigrasi, uniquely moved in a vertical plane: 
1. To grasp prey, the mandibles would need to open laterally, vertically, or obliquely. 
If the mandibles moved only laterally, the mesal surface would have no sharp edges 
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for grasping prey. The sharp tips of the mandibles would seem optimal structures for 
having grasped or impaled prey, in which case they would have needed to move up 
and down or obliquely. The holotypes of H. scimitarus and H. zigrasi, as preserved, 
demonstrate that the tips of the mandibles are capable of nearly touching the brush-
like clypeal pad. 
2. The brush-like structure of the clypeus opposes the sharp tips of the mandibles, and 
so probably functioned as a cushion to absorb the impact of or prevent puncture by 
the tips.  The brush of stiff, sharp setae on the clypeus could also have served to 
secure prey between the clypeus and mandible tips, pinning them in place for a well-
placed sting. 
3. The mandibles in H. scimitarus and H. zigrasi are very close to each other, and lie 
parallel along their tips and angled at their base. Moreover, the mesal surfaces of the 
mandibles are mostly flat, implying that the mandibles could be held against each 
other, further suggesting at least some vertical movement, perhaps in unison. 
4. The long, concave face would allow large prey items to be secured for stinging 
without damaging delicate structures of the ant such as compound eyes or antennae. 
5. If the pairs of long, very fine, stiff setae that flank the mandibles functioned as 
trigger hairs, the mandibles would need to be either very widely separated laterally 
(as in modern trap-jaw ants), or cocked backwards together. If separated laterally, 
the trigger setae would be forcefully deflected outward and inward each time the 
mandibles were snapped open and shut, which could damage the setae over time. 
The setae were probably triggered by being touched at their tips (as in modern 
species), but given that they so closely flank the lateral surfaces of the mandibles, 
  35 
they may also have functioned in detecting slight lateral displacement of the tips of 
the mandibles. 
 
    It seems most likely that the mandibles of H. scimitarus and H. zigrasi were snapped 
shut in a plane that was oblique to the dorsoventral and horizontal axes of the ant body, 
and it is even possible that the mandibles were cocked very far back. The occipital 
foramen is located on the posteroventral portion of the head capsule, indicating that the 
head could not be held in a prognathous position like modern trap-jaw ants (i.e., 
Odontomachus, Harpagnathos [Ponerinae], Myrmoteras [Formicinae], Dacetonini 
[Myrmicinae]). In these ants, the occipital foramen is located on or near what is actually 
the vertex of the head, which allows the mouthparts to be held out in front. Haidomyrmex 
was probably hypognathous, supported by the fact that the postmortem head position of 
H. scimitarus is actually under the prothorax. In addition, and assuming the trigger hairs 
are in a fixed position, for the trigger hairs to project forward rather than downward 
would require that the mandibles be cocked back 140–180° (with 0° being with the tips of 
mandibles touching the clypeus). Because of the long legs, there is more than enough 
clearance for this mandibular positioning. In this position, the mandibles would have an 
enormous gape of nearly twice the diameter of the head.  If the large sting delivered 
venom of sufficient potency, such a gape could have allowed individual Haidomyrmex to 
have subdued rather large prey. A major question remains regarding the processing of 
food items. How were food sources masticated? Perhaps these ants fed on insects by first 
impaling them and then funneling hemolymph down their curved mandibles. Indeed there 
are extant members of amblyoponine ant queens that feed on the hemolymph of their own 
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larvae (Saux et al. 2004). It is difficult to speculate beyond the first moments of trap-jaw 
hunting as it is unclear whether the basal teeth of Haidomyrmex functioned with respect 
to their proposed feeding lifestyle or as fine-scale manipulators of eggs, larvae, and 
particulate nest material. 
     The long, slender mesosoma with oblique sutures, short metasoma, and the very long 
legs and antennae suggest that Haidomyrmex was arboreal.  This extreme body structure 
is found in unrelated extant ants that are arboreal, specifically Oecophylla (Formicinae) 
and Leptomyrmex (Dolichoderinae). As Dlussky (1996) discussed, it is possible that 
Haidomyrmex nested in natural, pre-formed cavities, since antennae and mandible 
structure makes it unlikely that this ant could have manipulated nesting material. In 
addition, the presence of Haidomyrmecini ants in amber deposits (these being the third 
and fourth) may be a result of a lifestyle that included foraging along the trunks and limbs 
of trees. 
It is difficult to comment on the sociality of Haidomyrmex in the absence of direct 
evidence; however, the main criticism against social behavior in sphecomyrmine ants has 
been that individuals would be unable to perform brood care due to their 
characteristically short antennal scape (Dlussky 1996). Perrichot et al. (2008) reported the 
earliest fossil evidence for ant sociality (i.e., castes) in H. mammathus, after discovering 
both a gyne and two workers in the same deposit. As with all sphecomyrmines, both 
Haidomyrmex and Haidomyrmodes possess this shortened scape, and so while, again, 
there is no direct evidence for sociality in Haidomyrmex, there would appear to be none 
against it at this time. It is also important to note that there are, in fact, modern social ants 
with relatively short antennal scapes such as the army ants (Ecitoninae). 
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The addition of these two Burmese specimens, which share such unusual cranial 
features with both H. cerberus and H. mammathus from French amber, continues to 
challenge the idea that stem-group ants are morphologically generalized (Hölldobler and 
Wilson, 1990). This scimitar mandibular morphology and the trap jaw behavior that 
likely occurred with it must have been at least moderatly successful. Not only were some 
Cretaceous ants very specialized, it appears that their unusual forms were widely 
distributed across western Laurasia, known thus far from nearly contemporaneous French 
and Burmese deposits. These early, specialized ants underscore a need for a 
comprehensive fossil-inclusive phylogenetic analysis so that we may better understand 
how the extraordinary ants of the past relate to those of today.  
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Chapter II(b) 
 
A New Genus of Highly Specialized Ants in Cretaceous Burmese Amber 
(Hymenoptera: Formicidae) 
 
Adapted from P. Barden and D. Grimaldi. 2013. A New Genus of Highly Specialized 
Ants in Cretaceous Burmese Amber (Hymenoptera: Formicidae). Zootaxa 3681 (4): 405-
412. 
 
Abstract 
A new genus of ants, Zigrasimecia Barden and Grimaldi, is described for a new and 
uniquely specialized species, Z. tonsora Barden and Grimaldi n.sp., preserved in 
Cretaceous amber from Myanmar. The amber is radiometrically dated at 99 myo. 
Zigrasimecia is closely related to another basal genus of ants known only in Burmese and 
French Cretaceous amber, Sphecomyrmodes Engel and Grimaldi, based in part on the 
shared possession of a comb of pegs on the clypeal margin, as well as mandible structure. 
Highly specialized features of Zigrasimecia include extensive development of the clypeal 
comb, a thick brush of setae on the oral surface of the mandibles and on the labrum, and a 
head that is broad, flattened, and which bears a crown of blackened, rugose cuticle. 
Mouthparts are hypothesized to have functioned in a unique manner, showing no clear 
signs of dentition representative of “chewing” or otherwise processing solid food. 
Although all ants in Burmese amber are basal, stem-group taxa, there is an unexpected 
diversity of mouthpart morphologies and probable feeding modes. 
 
Introduction 
Among the nearly 13000 species of described ants are a handful of rare and enigmatic 
taxa from the Cretaceous. While molecular-clock dating analyses suggest that crown-
group ants diverged from their wasp-like ancestors between 115–135 (Brady et al. 2006) 
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and 140–168 million years ago (Moreau et al. 2006), the oldest definitive ant fossils are 
approximately 100 myo, despite numerous older insect-yielding deposits (Nel et al. 
2004). In amber deposits where ants are found, formicid inclusions from the Upper 
Cretaceous comprise between <1 and 3% of the total number of individual insects 
(LaPolla et al. 2013), a palpable contrast to much younger Miocene deposits where ant 
prevalence is as high as 24-36% (Grimaldi and Engel 2005; Dlussky and Rasnitsyn 
2007). While younger amber deposits typically contain species that are readily placed in 
extant lineages (Dlussky and Rasnitsyn 2003), only one species of crown-group ant (a 
formicine) has been definitively identified before the Campanian (Grimaldi and Agosti 
2000). The rest of the, proposed stem-group, Cretaceous taxa possess an array of unique 
morphologies that renders them unrecognizable with regard to modern groups and their 
relationship to living species is poorly explored. Ants from the Upper Cretaceous 
therefore act as valuable portholes, providing otherwise unknowable details at a critical 
time in the history of these small insects that now dominate terrestrial environments 
across the world. 
Fossil ants are typically identified on the basis of key diagnostic characters such as 
the metapleural gland, petiole, and an enlarged antennal scape. While the possession of 
one individual character does not imply that the insect in question is indeed a member of 
crown-group or stem-group ants, different combinations of the presence and absence 
among these characters have been the basis for taxonomic assignment. The metapleural 
gland, visible as a small opening on the posterior region of the mesosoma, is now known 
to function as a form of toxic defense and sanitation (Yek and Mueller 2011). Although it 
has been lost in many extant species, it is not present in any other groups of insects, and 
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therefore is probably the most reliable defining character of ants. The vast majority of 
Cretaceous ants have been placed in the extinct subfamily Sphecomyrminae, their 
placement owing largely to this gland. Sphecomyrmine ants possess a metapleural gland, 
along with a petiole, but not the characteristic “elbowed antennae” that modern ants 
exhibit and so this subfamily is widely recognized as a stem-group of all other 
Formicidae (e.g., Ward 2007). Sphecomyrminae currently contains 8 genera and 15 
species (LaPolla et al. 2013), and, while there is no phylogenetic evidence to suggest the 
subfamily is monophyletic, one analysis has shown it may be a member of the group that 
is sister to all modern ants (Grimaldi et al. 1997). 
Burmese amber is dated at ~99 mya (Shi et al. 2012) and, along with slightly older 
Charentese amber from France (Nel et al. 2004), is one of the two oldest ant-yielding 
ambers. Inclusions from Myanmar have, however, provided unique insight into ant 
evolution in the form of six highly disparate species (Table 1). At present, the authors are 
aware of over 30 unstudied specimens from this deposit. Each clearly preserved specimen 
from Burmese amber has been placed within the Sphecomyrminae, with two presently 
incertae sedis species. Among these taxa are three species, each within the genus 
Haidomyrmex, that possess dramatic, scythe-shaped mandibles, which presumably acted 
in a trap-jaw fashion (Dlussky 1996; Barden and Grimaldi 2012). In addition, ants with 
similar mandibular shape are known from French Charentese amber (Perrichot et al. 
2008) and Campanian-aged amber from western Canada (McKellar et al. in press), 
demonstrating that specialized feeding morphologies were widespread during this time 
period – presumably a result of adaptive success. Here, we present yet another ant 
specimen with cranial morphology not before seen in any ant species, living or extinct. 
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Table 1. Summary of all ants described from Burmese amber. 
Species Subfamily Caste Salient Details 
Burmomyrma 
rossi 
Incertae sedis: 
possible 
Aneuretinae or 
Sphecomyrminae 
Alate female 
No head, not 
possible to 
identify with 
other 
sphecomyrmine 
ants (Dlussky 
1996) 
Haidomyrmex 
cerberus Sphecomyrminae Wingless female 
Probable 
trapjaw-ant, 
curved 
mandibles, setae 
coated clypeus 
(Dlussky 1996) 
Haidomyrmex 
scimitarus Sphecomyrminae Dealate female 
Similar to H. 
cerberus, larger, 
parallel 
mandibles 
(Barden and 
Grimaldi 2012) 
Haidomyrmex 
zigrasi Sphecomyrminae Wingless female 
Similar to H. 
cerberus, 
mandibles 
paraellel at tips 
(Barden and 
Grimaldi 2012) 
Myanmyrma 
gracilis 
Incertae sedis: 
possible ponerine Wingless female 
Gracile 
bodyform. Long 
pincher-like 
mandibles, 
incised clypeus 
with clypeal 
spicules (Engel 
and Grimaldi 
2005) 
Sphecomyrmodes 
orientalis Sphecomyrminae Wingless female 
Most similar in 
form and 
mandible 
structure to 
modern ants. 
Clypeus possess 
spicules (Engel 
and Grimaldi 
2005) 
 
Methods and Materials 
The unique specimen is in Burmese amber, which derives from the northern state of 
Kachin, specifically 100 km west of the town of Myitkyina (Grimaldi et al., 2002).  
Samples of amber matrix from these outcrops were radiometrically dated at 99 myo, 
using U-Pb isotopes (Shi et al., 2012). This places the age of the deposit very close to the 
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Aptian-Cenomanian boundary, which is also the boundary of the Early and Late 
Cretaceous. The amber piece containing the ant was originally a large (20 x 40 mm), 
drop-shaped piece, which was trimmed and ground to 6 x 7 x 4 mm to maximize close 
views of the lateral and dorsal surfaces of the body and a frontal view of the head. 
Trimming used a water-fed, diamond-edged trim saw (4 in diameter, 1 mm thickness); 
grinding and polishing used a series of decreasing grits (400, 600, 800, 1200, 2400) of 
emory papers on a water-fed lapidary wheel. For observation the small cube of amber 
was pressed lightly into a small piece of dental wax affixed to a microscope slide, and 
oriented in various positions to maximize views of various structures. Lighting used 
transmitted and reflected fiber optic illumination; examination, measurement, and 
drawing (with drawing tubes) was done with a Leitz Wetzlar and Wild M-1 stereoscope 
and a Wild compound scope.  
 
 
Systematics 
Zigrasimecia Barden and Grimaldi, new genus 
 
   Diagnosis, gyne:  Based on unique dealate specimen. Similar to Sphecomyrmodes based 
on structure of the mandible (with only two large teeth: one apical, one subapical); ocelli 
large, scape very short (slightly less than twice the length of pedicel), 12 antennomeres, 
eyes relatively small, and clypeal margin with row of peg-like denticles . Differs from 
Sphecomyrmodes by the flattened, broad head with irregular posterodorsal margin; very 
broad, concave clypeal margin with many more (ca. 30) denticles, plus two shorter rows 
of denticles ventrally; mandibles about half the length, with dense brush of spicule-like 
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setae on oral surface; setae-coated labrum; presence of raised toruli and shallow lateral 
antennal scrobes; vertex of head with pair of oval, melanized, rugose patches.    
   Type Species: Z. tonsora, new species. 
   Etymology: Patronym, for Mr. James Zigras, and –mecia, a common suffix for ant 
genera. In acknowledgment of Mr. Zigras’ generosity in loaning this and many other rare 
and scientifically valuable specimens from his collection of Burmese amber. 
 
Zigrasimecia tonsora, Barden and Grimaldi, new species 
Figs. 1-2 
 
   Diagnosis, gyne: As for genus. 
   Description: All numbers in millimeters (mm). HEAD: Broad and flattened; head depth 
(length) (vertex to clypeal margin, excluding clypeal denticles) 0.66; head width 
(excluding eyes) 0.76 (1.38× that of mesosoma); distance between inner margins of eyes 
0.65.greatest thickness (dorsoventrally) 0.52. Apparently prognathous, with cervical 
connection near vertex of head. Occipital (posterodorsal) margin of head irregular in 
dorsal view, slightly emarginate. Postocciput concave. Eyes small, protruding, slightly 
drop-shaped in lateral view (posterior end narrowed); length 0.21, greatest width 0.13, 
located on posterior half of head. Ocelli large, diameter 0.06. Vertex with pair of oval-
shaped, melanized patches of rugose cuticle. Dorsofrontal portion of head with very fine, 
sparse setulae. Gena protruding, with apex narrow and extended well past level of clypeal 
denticles. Frons with dorsoventral portion having very shallow V-shaped groove that 
meets medially and extends over antennal bases. Frontal carinae absent. Base of antenna 
obscured by protruding toruli; antennal bases projected laterad from underneath toruli; 
distance between inner margins of antennae 0.25 (1/3 width of head). Very shallow  
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Figure 1. Zigrasimecia tonsora photomicrographs. (A) Lateral view of entire 
specimen. (B) Close-up image of mesosoma. (C) Enlarged view of clypeal and 
mandibular structures. (D) Right lateral view of Head. (E) Alternate left lateral view of 
head. 
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Figure 2. Drawings of holotype of Zigrasimecia tonsora, as preserved. (A) Head, 
mesosoma, and petiole, right lateral view. (B) Head and mesosoma, dorsal view. (C) 
Head, frontal view. 
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antennal scrobes present projecting outward laterally from bases of antennae to ventral 
margin of eyes. Antenna with 12 antennomeres (10 flagellomeres); scape very short, 0.22 
length; pedicel 0.13; flagellomeres I-X: 0.17, 0.14, 0.095, 0.095, 0.10, 0.10, 0.09, 0.08, 
0.085, 0.14, respectively. Total length of antenna 1.42. Clypeus shallow, length (depth) 
0.10 (excluding denticles); broad, distance between lateral-most denticles 0.44; 
significantly concave in shape (vs. straight). Oral margin of clypeus entirely lined with 
row of 30 denticles; denticles peg-shaped, with rounded apices, lengths ca. 4× the width. 
Ventral to row of clypeal margin denticles are two shorter rows of denticles, with 
approximately 15 denticles in each row. Mandibles short, barely overlapping medially, 
approximate length 0.345; dentition very simple, with one large apical tooth and large 
subapical tooth, masticatory margin otherwise devoid of teeth; outside surface of 
mandible slightly concave; oral surface of mandible with dense brush of stiff, sharp, 
spicule-like setae. Labrum coated in numerous setae, longer and more narrow than those 
found on clypeus. Palps short; maxillary palp with 5 segments, total length 0.23 (labial 
palp mostly obscured).  
   MESOSOMA: Depth (greatest dorso-ventral distance) 0.60, length (including neck) 
1.40; greatest width of mesosoma 0.55;. With sparse, very fine, erect setae on dorsal 
surfaces (setae slightly recurved on propodeum). Neck long, nearly ¼ the length of true 
thorax (i.e., mesosoma not including propodeum). Two incomplete, V-shaped sulci 
present on dorsomedial portion of pronotum. Promesonotal suture complete, extremely 
well developed. Mesoscutum and mesoscutellum fully demarcated by sulcus; scutellum 
nearly ½ length of scutum (length of mesoscutum 0.44, mesoscutellum 0.23); dorsal 
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surface of scutellum with pair of deep, rectangular foveae close to median line. 
Dorsellum well developed, visible dorsally, with pair of shallow foveae dorsolaterally.  
Laterally: pronotum well developed, without foveae and very few setae; mesopleuron 
fully separated from the rest of the mesosoma by complete sulci, dorsally bearing C-
shaped series of grooves and foveae. Propodeum deep, (depth 0.40); greatest [oblique] 
length 0.55; declivity steep (in lateral view ca. 65° from horizontal); propodeal spiracle 
slit-like, facing posteriad, situated on raised base; posterior margin of propodeum shelf-
like, with median emargination. Metapleural gland opening large, crescent-shaped; 
metapleural bulla well developed, hemicylindrical. Petiole deep (depth 0.40), lateral 
thickness ca. 0.15 [difficult to observe – petiole appears adpressed to anterior wall of 
metasoma, but most of metasoma obscured by layer of air). Legs: Trochantellus present 
on all legs, very well separated from trochanter and femur on meso- and metathoracic 
legs. Claws with large, subapical tooth on ventral margin.  
   METASOMA: Mostly obscured, apparently large; sting present [best seen ventrally in 
view from front]. 
   Type: Holotype, JZC Bu-159, dealate female. Myanmar: Kachin State, near Myitkyina, 
formed near the Aptian-Cenomanian (Early Cretaceous – Late Cretaceous) boundary (Shi 
et al., 2012). In James Zigras Collection, available for study through the American 
Museum of Natural History. The ant is preserved in relatively clear, deep yellow amber; 
the metasoma is encased within a bubble that obscures most of it. 
   Etymology: “barber-mouthed,” based on tonsor, barber, hairdresser (L., masculine); 
and oris, mouth (L.); in reference to the mouthparts bearing combs and brushes.  
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Discussion 
The relationship between fossil stem-group ants and their modern counterparts has 
never been robustly tested in a phylogenetic context outside of limited datasets (Grimaldi 
et al. 1997) and usage as outgroup taxa (Ward and Brady 2003). A recent morphological 
study has provided insight into the mouthparts of basal extant ants (Keller 2011), and, 
while this is a valuable resource, placing Cretaceous taxa remains a difficult process. 
Still, it is possible to attempt to place Zigrasimecia tonsora using key synapomorphies: 
specifically the metapleural gland, scape length, and petiole are as in Bolton’s (2003) 
diagnosis for the subfamily Sphecomyrminae. While Z. tonsora exhibits a number of 
autapomorphies not seen in other ants, such as mandibular structure and mesosomal 
sculpturing, this subfamily placement most closely reflects the morphology of the 
described animal at present. It should be noted that the status of the subfamily 
Sphecomyrminae has been evaluated using phylogenetic methodology only once 
(Grimaldi et al. 1997), and therefore it is possible that the subfamily may not in fact be 
monophyletic. Further, without a clear consensus on what synapomophy or combination 
thereof  (i.e. metapleural gland + petiole, elongated scape + petiole, etc) differentiates 
stem-group and crown-group ants, distinction between the two may become confused. 
The authors suggest any aculeate possessing a metapleural gland and petiole is an ant 
however, the metapleural gland has been lost in some highly subordinate taxa.  
Some apomorphic characters indicate that Z. tonsora has a close relationship with the 
extinct genera Sphecomyrmodes (Engel and Grimaldi 2005; Perrichot et al. 2008) and 
Gerontoformica (Nel et al. 2004). Perhaps the most significant character is the presence 
of peg-like setae around the oral cavity. Indeed S. orientalis Engel and Grimaldi, S. 
  51 
occidentalis Perrichot et al., and G. cretacica Nel et al. each possess a single row of stout 
setae along the entire anterior margin of the clypeus. While Z. tonsora exhibits two 
additional rows of these setae, the structures are not seen in any other described 
Cretaceous ants. Along with clypeal pegs, G. cretacica also possesses teeth-like setae on 
the labrum and, although the Z. tonsora labral setae are more tapered and hair-like, the 
similarity is noteworthy. In addition, S. occidentalis from French amber and Z. tonsora 
possess ocelli that are similar in form and position. Ocelli are not present in G. cretacica 
and not known from S. orientalis because the dorsal region of the head is obscured. 
While there are similarities between Z. tonsora, the two members of Sphecomyrmodes, 
and Gerontoformica, it is highly unlikely that they are different castes of the same 
species, Z. tonsora being a dealate female. The mandibular structure, coronal rugosity, 
and mesosomal sculpturing is significantly different (and gynes actually tend to be 
similar, if not less specialized compared to workers). At least in the case of 
Haidomyrmodes mammathus from Cretaceous French amber (Perrichot et al. 2008), 
worker and dealate castes are morphologically very similar. 
The unique morphology of Z. tonsora is certainly perplexing and likely is 
representative of habits that are not seen in modern ants. The prognathous but apparently 
highly movable head (Fig 1.B. evidenced by the elongate, necklike pronotum) suggests 
that head mobility was important, perhaps related to feeding behavior. Another 
possibility is that the rugose projections (Figs 1A-B, Fig 2 E) on the head may have aided 
in nest excavation, as the very specialized setae-coated mandibles likely would have 
prohibited those efforts. There is no evidence for nesting behavior in Cretaceous ants, 
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however it would be plausible that a dealate queen would need a means for creating a 
nest, alternative explanations are evasive. 
The mandibles themselves possess almost no fine dentition but are covered in stiff, 
sharp setae of variable length. It seems possible that this extensive setose covering is 
likely to have functioned in conjunction with the setae present elsewhere around the oral 
cavity. Both the clypeus and labrum are uniformly covered with short peg-like setal 
projections and longer, sharper setae, respectively. Similar structures are found on the 
labrum of ants in the genera Apomyrma (Brown et al. 1971) and Opamyrma (Yamane et 
al. 2008) and clypeus of some members of the genera Amblyopone, Adetomyrma, 
Stigmatomma, and Martialis (Rabeling et al. 2008; Ward 1994; Yoshimura and Fisher 
2012; www.antweb.org). It is interesting to note that numerous basal taxa exhibit these 
setae patterns, some along with a prognathous head shape. This convergence may be an 
indication that these morphologies are of particular importance to early ant evolution and 
intensive study of extant setae function may provide insight into how Cretaceous ants 
utilized these unique structures.  
In extant formicids, the function of oral setae is not entirely clear, other than the long 
sensory trigger hairs found in trapjaw ants such as Odontomachus and Anochetus. In Z. 
tonsora, these structures are unlikely to have acted as trigger-hairs as they are much 
shorter and stout, perhaps indicating a use more in line with mechanical interaction with 
food items. There are ants today that feed on honeydew or hemolymph (Hölldobler and 
Wilson 1990; Saux et al. 2004). Perhaps the hydrophobic nature of some insect setae may 
have allowed for the manipulation of liquid food items such as these. Another possibility 
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is that the unification of mandibles with the clypeal and labral setae would have acted as 
kind of trap for tiny arthropods such as mites or small flies.  
It is difficult to comment on functional morphology beyond the realm of speculation, 
however it is clear that the cranial morphology of Z. tonsora is highly specialized. This 
new specimen echoes a surprising theme among Cretaceous ants: feeding behaviors were 
very diverse, and produced morphologies unlike those found in modern day insects. The 
present discovery marks an additional ant with mouthparts unlike those found in extant 
species, adding to those found in Burmese, French, New Jersey, and Canadian amber 
deposits. The gradual unearthing of these unique morphologies underscores the need for a 
robust phylogenetic analysis that accounts for all ant diversity, present and past. 
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Chapter II(c) 
 
A diverse ant fauna from the mid-Cretaceous of Myanmar (Hymenoptera: 
Formicidae) 
 
Adapted from P. Barden and D. Grimaldi. 2014. A diverse ant fauna from the mid-
Cretaceous of Myanmar (Hymenoptera: Formicidae). PLoS One 9(4): e93627 
 
 
Abstract 
 
A new collection of 24 wingless ant specimens from mid-Cretaceous Burmese amber 
(Albian-Cenomanian, 99 Ma) comprises nine new species belonging to the genus 
Sphecomyrmodes Engel and Grimaldi. Described taxa vary considerably with regard to 
total size, head and body proportion, cuticular sculpturing, and petiole structure while all 
species are unified by a distinct shared character. The assemblage represents the largest 
known diversification of closely related Cretaceous ants with respect to species number. 
These stem-group ants exhibit some characteristics previously known only from their 
extant counterparts along with presumed plesiomorphic morphology. Consequently, their 
morphology may inform hypotheses relating to basal relationships and general patterns of 
ant evolution. These and other uncovered Cretaceous species indicate that stem-group 
ants are not simply wasp-like, transitional formicids, but rather a group of considerable 
adaptive diversity, exhibiting innovations analogous to what crown-group ants would 
echo 100 million years later.  
 
Introduction 
 
Fossils from the Cretaceous are the only windows into ancient morphotypes exhibited 
by now extinct stem-group ants. The earliest ants known are Late Albian to Early 
Cenomanian (~ 99-100 mya) in age from approximately contemporaneous Charentese 
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and Burmese amber of France and Myanmar, respectively (LaPolla et al., 2013). 
Although there are insect yielding fossil deposits older than 100 million years, no 
definitive ants have been recovered from these localities. Along with the very oldest ant 
fossils, there are younger Cretaceous deposits that shed light on early ant history: species 
have been described from New Jersey amber (92mya), two Siberian amber deposits (~85 
and ~80mya), and Canadian amber (~79 mya) (LaPolla et al., 2013). Most Cretaceous 
species are not readily assignable to modern subfamilies and are either incertae sedis or 
belong to taxonomic groups erected to accommodate presumed basal lineages. These 
stem-group taxa persist only into Canadian amber from the Late Cretaceous (McKellar et 
al., 2013). The majority of stem-group ant taxa belong to the subfamily Sphecomyrminae, 
which possess some, but not all, of the synapomorphies associated with living crown-
group ants. Namely, while sphecomyrmine ants possess a petiole and metapleural gland 
opening, the scape is shorter than those found in living ants today (Bolton 2003). Over 
the past 20 years, new fossil discoveries have demonstrated that ants within the 
Sphecomyrminae are surprisingly diverse, exhibiting unusual feeding morphology in 
particular (Dlussky 1996; Grimaldi et al., 1997; Engel and Grimaldi 2005; Perrichot et 
al., 2008; Barden and Grimaldi 2012). 
While there are a number of Cretaceous amber deposits, ants from this time period 
are exceedingly rare and not particularly speciose. In the case of Burmese amber, ants 
comprise approximately 0.2% of all insect inclusions (Grimaldi et al., 2002; Grimaldi and 
Nascimbene 2010) with a total of seven described species (Barden and Grimaldi 2013). 
This low species number provides little resolution for describing patterns of early ant 
diversification and makes a significant novel species radiation particularly noteworthy. 
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Here we describe nine additional species with clear morphological variation coupled with 
shared characters suggesting a significant radiation of closely related stem-group ants – 
the first such instance known from Cretaceous ant fauna. 
Burmese amber, also called “burmite,” once thought to be Miocene in age (Noetling 
1893), is now known to be 99 myo based on radiometric dating (Shi et al., 2012). This 
amber has been commercially exploited for millennia, the earliest record corresponding 
to ornate burmite carvings from as early as 600 BC  (Xu 2011). Over the past decade 
there has been a revived, acute interest in the insect inclusions in burmite, both scientific 
and personal, largely because it preserves the most diverse Cretaceous paleofauna in 
amber relative to other Cretaceous amber deposits (Grimaldi et al., 2002; Ross et al., 
2010). The amber is hard and polishes well, it is abundant, and so it can be commercially 
marketed. In many cases the scientific endeavor to describe and interpret this paleofauna 
aligns with the interests of private collectors, allowing for the study of otherwise 
inaccessible material (e.g., Barden and Grimaldi, 2013). Indeed, natural history museums 
are replete with specimens that were originally in private collections, such as the Frick 
collection of fossil mammals, the Rothschild collection of birds, and the Henry Edwards 
collection of Lepidoptera at the American Museum of Natural History. The specimens 
reported here represent the largest assemblage of Cretaceous ant specimens known to 
date.  
 
Materials and Methods 
All specimens were originally mined from the Hukawng Valley located in Kachin 
state, Republic of the Union of Myanmar (Cruickshank and Ko 2003). Radiometric 
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206Pb/238U dating has demonstrated that the strata bearing this amber is Cenomanian in 
age (98.79±0.62 Ma) based on zircon crystals found within the matrix (Nascimbene and 
Silverstein 2000). Specimens described here were sold to dealers in the region and 
ultimately purchased by Mr. James Zigras, who kindly provided them for study and 
allowed preparation of the specimens by trimming and polishing. The specimens are on 
long term, indefinite loan from James Zigras and available for study to researchers 
through the American Museum of Natural History, they are: JZC Bu105A, JZC Bu106, 
JZC Bu108A, JZC Bu111, JZC Bu112, JZC Bu114, JZC Bu115A, JZC Bu121A, JZC 
Bu222A, JZC Bu223B, JZC Bu223A, JZC Bu224, JZC Bu225, JZC Bu300A, JZC 
Bu301, JZC Bu302A, JZC Bu303A, JZC Bu303B, JZC Bu304, JZC Bu305, JZC 
Bu324A, JZC Bu324B, JZC Bu343, and JZC Bu1648. 
Burmese amber is relatively hard and tough, it does not readily fracture or splinter 
compared to many other Cretaceous ambers. Amber pieces were marked on the surface 
for trimming, so as to maximize dorsal, lateral, and frontal views of each ant inclusion. 
This was not always possible, particularly when appendages or other inclusions prevented 
such trimming. Otherwise, the amber was often trimmed 1-3 mm from the surfaces of the 
ant inclusion. Trimming used a small, water-fed trim saw with a 1 mm-thick diamond-
encrusted blade 10 cm in diameter. Flat, trimmed surfaces were then ground slightly and 
polished using circular, wet emory papers of decreasing grit sizes (400, 600, 800, 1200, 
2400, 4000) on a lapidary wheel (Buehler). Embedding in a high quality synthetic resin 
was necessary only for a few pieces with fractures, following the procedure of 
Nascimbene and Silverstein (2000) (in this study EpoTek 301-2 was instead used as the 
embedding resin). In order to optimize the observation and measurement of particular 
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structures and views of the ant, the prepared amber piece was lightly pressed into a small 
(4-5 mm diameter) ball of dental wax or plasticene in the desired orientation. A small 
drop of glycerine was applied to the upper surface of the amber piece and covered with a 
glass coverslip, which obscures fine surface imperfections and improves resolution at 
higher magnifications. Study was generally made using a Leitz Wetzlar stereoscope at 
magnifications between 48- 144x. Measurements and photomicrographs were made using 
a Nikon SMZ1500 stereoscope with Nikon NIS software; photomicrographs were z-
stacked.  
All measurements were recorded in millimeters. Length and width measurements 
were taken at their greatest value unless otherwise noted. Due to variable preservation, 
measurements were taken for the holotype only with exception of total body length, 
which was obtained for paratypes if possible. Paratype and holotype body lengths were 
reported as a range in descriptions. Mesosomal length was characterized in two ways: a 
traditional measurement known as Weber’s length taken as a straight line from the 
anterior margin of the pronotum (excluding any “neck) to the posteroventral margin of 
the propodeum; and as individual measurements of the pronotum (including any neck-
like anterior extension abutting the occipital carina), mesonotum, metanotum, and 
propodeum in lateral view. The pronotal, mesonotal, and metanotal measurements were 
taken as a straight line along the dorsal margin of each sclerite while the propodeum was 
measured from the anterodorsal margin of the sclerite to the dorsal-most point of anterior 
petiole attachment. The additional mesosomal measurements were recorded to better 
capture the relative proportions of individual sclerites and because some specimens were 
posed in a manner that artificially decreased Weber’s length due to positioning or angle 
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of view (such specimens are noted in descriptions). In cases where exact measurements 
were not possible due to refractive distortion the structures were not measured, or they 
were described with approximate relative sizes.  
Nomenclatural Acts 
The electronic edition of this article conforms to the requirements of the amended 
International Code of Zoological Nomenclature, and hence the new names contained 
herein are available under that Code from the electronic edition of this article. This 
published work and the nomenclatural acts it contains have been registered in ZooBank, 
the online registration system for the ICZN. The ZooBank LSIDs (Life Science 
Identifiers) can be resolved and the associated information viewed through any standard 
web browser by appending the LSID to the prefix "http://zoobank.org/". The LSID for 
this publication is: urn:lsid:zoobank.org:pub:7B4FB94C-DB6F-4441-9414-
70CCA9F7431B. The electronic edition of this work was published in a journal with an 
ISSN, and has been archived and is available from the following digital repositories: 
PubMed Central, LOCKSS. 
 
Systematics 
Genus Sphecomyrmodes Engel and Grimaldi 
Sphecomyrmodes Engel and Grimaldi, 2005:p. 5. Type species: S. orientalis Engel and 
Grimaldi, by original designation and monotypy. 
 
 WORKER DIAGNOSIS (revised): Species possess a well developed metapleural 
gland opening and sting; distinct petiole; and shortened scape (<0.25 the total antennal 
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length) like other Sphecomyrminae; differentiated most easily by the small, stout setae 
along the entire anterior margin of the clypeus. In addition, all known Sphecomyrmodes 
possess bidentate mandibles, and a subapical tooth on the pretarsal claw. Similar clypeal 
structures are found in one other sphecomyrmine genus and two Cretaceous genera 
incertae sedis. In the case of Zigrasimecia, the clypeal setae are accompanied by long, 
tapered setae on the labrum, which are absent in Sphecomyrmodes. The incertae sedis 
genera, Myanmyrma and Gerontoformica, can be distinguished from Sphecomyrmodes by 
a conspicuous medial gap between the clypeal setae and an elongated scape, respectively.  
 
COMPOSITION: Species contegus n. sp., gracilis n. sp., magnus n. sp., orientalis, pilosus n. 
sp., rubustus n. sp., rugosus n. sp., spiralis n. sp., subcuspis n. sp., tendir n. sp., in amber 
from northern Myanmar, Albian-Cenomanian (ca. 100 myo); species occidentalis in 
amber from Charente-Maritime, France (Early Cenomanian, ca. 100 myo). 
 
Sphecomyrmodes contegus, new species  
urn:lsid:zoobank.org:act:546C9D7A-AB77-4ACE-851D-203413755CB1 
Figures 1A-E 
WORKER DIAGNOSIS:  Distinguished by the presence of antennal scrobes; head 
elongate, ~0.50x longer than wide; ocelli highly reduced; metanotal and propodeal 
spiracles protruding, appear pointed. Gaster segments I and II (abdominal segments III 
and IV) with slight dorsal constriction between them. Body length 5.05 - 5.19mm. 
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Figure 1. Sphecomyrmodes contegus holotype JZC Bu300A photomicrographs. A. 
Lateral view of entire specimen. B. Face-on view of head. C. Sting with third valvula 
visible. D. Lateral close-up view of body. E. Lateral close-up view of head and pronotum. 
 
DESCRIPTION: Head: Very finely rugose; elongate anteroposteriorly, 1.21 mm in 
length from posterior margin of head to anterior margin of clypeus; 0.79 mm at widest 
point just below eyes in frontal view. Ocelli highly reduced, virtually lost. Head capsule 
cuticle slightly rugose with fine anteroposterior grooves. Occipital carina circular, with 
smooth edges. Dorsal margin of head nearly flat, very slightly rounded. Center of eyes at 
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0.70x the distance above anterior margin of clypeus to occipital foramen; eye elongate, 
0.28 mm length, 0.17 mm greatest depth. Distance between inner margins of eyes 0.65 
mm, eyes bulging slightly in frontal view. Cuticle between antennae raised, narrow; 
antennal scrobe depth approximately the same as scape diameter, running from just above 
clypeus to lower margin of eye for approximately 0.30 mm. Antenna total length 3.52 
mm: scape 0.34, pedicel 0.15, funicular segment I 0.37, II 0.25, III 0.28, IV 0.29, V 0.29, 
VI 0.30, VII 0.29, VIII 0.28, IX 0.28, X 0.40; scape broad, 0.16 mm wide [although 
likely a partial result of desiccation]. Clypeus with concave anterior margin, convex 
posterior margin meeting linear lateral margins at a 100° angle just below antennae with 
tentorial pits just above. Clypeus 0.23 mm long in frontal view; entire anterior margin of 
clypeus with ca 22 stout (0.02 mm long) pointed setae. Anterolateral margin of clypeus 
raised slightly as a shelf above mandible base. Mandibles falcate, approximately 0.40 mm 
in length, with two denticles at apex; apical tooth longer than subapical one, 
approximately half as broad as subapical tooth [lengths difficult to measure as preserved]; 
external surface of mandible with sparse setae. Labial palps with two equal-sized 
segments, maxillary palps four-segmented, first approximately 0.3x the length of 
segments 2, 3, and 4 individually. 
Mesosoma: Cuticle rugose where detail visible. Aside from pronotum, 
propleuron, and legs, mesosomal segments dessicated and appear flattened in dorsal 
view. Weber’s length 1.65 mm. (some flexibility in mesosoma apparent, reducing the 
length of this metric). Dorsal lengths: Pronotum 0.76 mm, mesonotum 0.59, propodeum 
0.64. Pronotum with distinct neck, hourglass-shaped when viewed from above, 0.26 mm 
wide at head attachment, 0.14 mm in "neck" extension, 0.28 mm at widest point above 
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proxocoxae; in lateral view pronotum with blunt dorsal projection. Dorsal and posterior 
margins of pronotum almost perfectly linear from lateral view, posterodorsal edge of 
pronotum a right angle. Pronotal-propleural sulci faint; propleuron reduced, only slightly 
visible. Mesonotum a trapezoid when viewed laterally, raised above the pronotum and 
metanotum, the anterior face approximately 0.3X the length of the posterior. Metanotum 
a distinct sclerite possessing protruding spiracle opening; metanotal groove present as 
small area of darkened cuticle. Propodeal spiracle visible as oval-shaped opening at the 
apex of pointed, cuticular projection. Metapleuron covered with small, tapered setae; 
metapleural gland opening visible, appears as a slight indentation just anterior to petiole 
attachment. Procoxa with line of small setae along anterior edge, 0.49 mm long, 0.22 mm 
wide at base, 0.15 mm at lower joint; protrochanter 0.18 mm long, 0.13 mm at widest; 
profemur 0.89 mm long, 0.15 mm wide, covered in small setae becoming more dense 
apicad, trochantellus present; protibia 0.93 mm long, 0.10 mm wide, dense patch of setae 
at lower joint; protibial spur with small subapical projection forming forked tip. 
Mesocoxa 0.43 mm long, width distorted; mesotrochanter 0.21 mm in length, 0.12 mm 
wide; mesofemur 1.23 mm long, 0.16 mm wide, small patch of setae at lower joint, 
trochantellus visible; mesotibia 1.10 mm long, 0.10 mm wide, four stiff, pointed setae 
and patch of short, tapered setae present at lower joint; two mesotibial spurs present, one 
slightly pectinate. Metacoxa 0.39 mm in length, width distorted; metatrochanter 0.17 mm 
in length, width distorted. Meta-femur 1.54 mm in length, 0.14 mm wide, setose near 
lower joint, trochantellus present; metatibia setose throughout, 1.37 mm in length, 0.10 
mm in width; two metatibial spurs present, both finely pectinate. Tarsal segments densely 
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setose, each terminating with four thick, pointed setae. Tarsal claw possessing small 
subapical point in addition to terminal tooth, resulting in two-pronged claws. 
Metasoma: Petiolar-propodeal attachment point obscured, nodiform, 
pedunculate; petiole approximately 0.50 mm total length (peduncle 0.15 mm). Node 
evenly rounded with setae along dorsal margin. Helcium distinct segment with clear 
sulci, 0.13 mm long, attaching to gastral segment I (abdominal segment III) at 0.12 mm 
in height from lateral view. Abdominal segments 3-7 appear fully extended and possess 
anteroposterior cuticular grooves along sternites. Slight dorsal constriction between 
gastral segments I and II (abdominal segments III and IV). Gastral segment I 0.29 mm in 
length; possessing pointed ventral projection 0.05 mm long. Gastral segment II 0.34 mm 
in length, gastral segment III 0.28 mm, gastral segment IV 0.18 mm, gastral segment V 
0.25 mm, with setose patch on posterior-most region. Hypopygium setose, sting 
extended, 0.80 mm exposed. Third valvula faintly visible and setose. 
 
TYPES: Holotype JZC Bu300A. Wingless female (presumed worker). Preserved in 
a 9 x 12 x 3mm section of transparent yellow amber with a small midge. Some 
measurements were not possible due to shrinkage and desiccation during preservation. 
Paratype JZC Bu115-A.  
 
ETYMOLOGY: From the Latin contego meaning to conceal or protect. Referencing 
the antennal scrobes, which presumably functioned as reservoirs for antenna scapes as in 
modern ants. 
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COMMENTS: Paratype JZC Bu115A may be a different species since it has 
reduced antennal scrobes and the head is less elongate; preservation, however, makes this 
difference uncertain. 
 
Sphecomyrmodes gracilis, new species 
urn:lsid:zoobank.org:act:17A050DD-E97B-49E0-963A-5A48F895C3D3 
Figures 2A-C 
 
 WORKER DIAGNOSIS: Dorsal margin of clypeus with short, tapered setae; frontal 
carina spiraling from antenna base; mesosoma extremely elongate (total length 
approximately 7 times greater than height at mesonotum/mesopleuron); ocelli small 
(0.02mm wide); petiole with small, rounded ventral projection toward anterior margin; 
gaster long (> 3.2mm). Body length 6.62mm. 
 DESCRIPTION: Head: [One side of head partially missing, lost at surface of 
amber]. Head with sparse, tapered setae. Head capsule gradually rounded at posterior and 
anterior ends in frontal view, length 1.14 mm from posterior margin of head to anterior 
margin of clypeus, greatest width 1.10 mm. Head in profile drop-shaped, 0.54 mm deep 
at occipital carina; 0.70 mm depth from median axis of eyes, 0.30 mm depth from 
anterior margin of clypeus. Ocelli present, situated just above posterior margin of eyes, 
circular, approximately 0.02 mm diameter, slightly obscured by fractures in cuticle. 
Midline of eye positioned 65% of the distance from anterior margin of clypeus to 
occipital foramen, bulging in anterior view, inner margins approximately 0.80 mm apart; 
eye 0.33 mm deep, 0.20 mm wide. Cuticle raised between antennal bases; bases  
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Figure 2. Sphecomyrmodes gracilis holotype JZC Bu324A photomicrographs. A. 
Lateral view of whole specimen. B. Frontal view of partially damaged head. C. Lateral 
view of elongate mesosoma, petiole, and first sclerite of gaster. 
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embedded but exposed, internal margin with small, curved, frontal carina running to just 
lateral to anterior margin of eyes; tentorial pits present just below anterior terminus of 
frontal carina. Scape 0.48 mm, pedicel 0.18, funicular segment I 0.42, II 0.34 mm, III 
0.31, IV 0.35, V 0.35, remaining segments missing; scape broad at base (0.15 mm), 
abruptly narrowed to 0.07 mm. Clypeus 0.22 mm long, posterior margin concave, 
anterior margin convex, lateral margin linear and meeting posterior suture at 145° angle. 
Anterolateral margin of clypeus covers mandible base, slightly upturned; dorsal surface 
covered with short, tapered setae. Entire anterior margin of clypeus with row of 
numerous (>20) small, pointed, peg-like setae. Mandible with two denticles, apical tooth 
slightly larger of the two. [Mandibular measurements not possible as preserved]. 
Maxillary palps with four palpomeres, I 0.14 mm, II 0.20 mm, III 0.20 mm, IV 0.16 mm. 
Labial palps not visible. 
Mesosoma: Long and gracile, Weber’s length 2.34 mm; height 0.32 mm, 
measured as a perpendicular straight line at mesonotum/mesopleuron. Segment lengths in 
lateral view: pronotum 0.89 mm, mesonotum 0.57 mm, metanotum 0.28 mm, propodeum 
0.69 mm. Anteriorly, pronotum extends into neck, in dorsal view appears as a rounded 
rectangle meeting occipital carina; carina oval in dorsal view; pronotum gradually widens 
posteriad from 0.28 mm at head attachment point to 0.55 mm above procoxae. Pronotal-
propleural sulci well developed. Mesonotum and mesopleuron very narrow in lateral 
view, greatest depth 0.12 mm and 0.21 mm, respectively. Mesopleuron extremely long, 
0.77 mm, widely separating fore- and mid-legs. Small depression between mesonotum 
and metanotum, which are at same dorsally height, both slightly rugose. Metanotal 
spiracle opening small and turret-like, surrounding cuticle dorsally pointed. Metanotal 
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groove a distinct impression. Propodeum bulbous, dorsal surface gradually rounded, 
propodeal spiracle raised onto apices of two small, blunt cuticular projections near 
metanotal groove. Metapleural gland opening visible above metacoxa as a slight oval-
shaped indentation. Legs with sparse, tapered setae. Cuticle on legs darkened, 
trochantellus not observable. Procoxa 0.71 mm long, 0.38 mm wide at base, 0.18 mm at 
apex; protrochanter 0.20 mm long, 0.15 mm wide; profemur 1.28 mm long, 0.20 mm 
wide; protibia 1.13 mm long, 0.13 mm wide, with single spur having subapical point 
[protarsi lost from specimen]. Mesocoxa 0.42 mm long, width unclear; mesotrochanter 
0.18 mm long, 0.14 mm wide; mesofemur 1.12 mm long, 0.17 mm wide; mesotibia 1.26 
mm long, 0.12 mm wide, with two apical spurs, of equal length. Metacoxa 0.52 mm long, 
width obscured; metatrochanter 0.26 mm long, 0.14 mm wide; metafemur 1.59 mm long, 
0.16 mm wide; metatibia 1.71 mm long, 0.17 mm wide; pair of metatibial spurs, each 
simple and of equal length. Tarsi terminate with six pointed setae at apex. Meso- and 
metatarsal claws with subapical tooth.  
Metasoma: Petiole nodiform, with peduncle short (0.15 mm), total length 1.00 
mm, attached to propodeum at a height of 0.15 mm in lateral view, broadened to 0.52 mm 
at apex of node; node rounded. Immediately ventral to anterior margin of petiole node is 
ventral projection 0.12 mm high, gradually rounded at apex. Helcium with distinct 
anterior and posterior sulci, length 0.20 mm, attaches to gaster segment I (abdominal 
segment III) at a height of 0.18 mm. Gaster elongate, segment I length 0.60 mm, II 0.84 
mm, III 0.80 mm, IV 0.52 mm, V 0.47 mm. Sternite of segment I with pointed ventral 
projection 0.08 mm long. Pygidium and hypopygidium with tapered setae projecting 
posteriad. Sting extruded, 0.53 mm exposed. Third valvula faintly visible, setose. 
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TYPES: Holotype JZC Bu324A. Wingless female (presumed worker). Amber a 
clear yellow, trimmed to 12 x 9 x 4 mm. Also preserved are particles of detritus and a 
disembodied beetle head. Paratype JZC Bu324B  
   
ETYMOLOGY: From Latin “gracilis” meaning slender in reference to the elongated 
nature of the species. 
 
Sphecomyrmodes magnus, new species 
urn:lsid:zoobank.org:act:36FBF68D-B35C-48E2-8B15-81505E22D08F 
Figures 3A-D 
 
 WORKER DIAGNOSIS: Body size very large, approximately 1.7x size of other 
species, on average; body length 8.03 - 8.64mm; head capsule slightly elongate from 
frontal view 1.25X longer than wide; ocelli clearly visible; petiole sessile; darkened and 
prominent metanotal groove.  
DESCRIPTION: Head: Elongate in frontal view, length 1.49 mm from anterior 
margin of clypeus to posterior margin of head, width 1.18 mm below eyes. In profile, 
head capsule drop-shaped, narrowing toward anterior end, with cuticular buldge at medial 
axis. Head somewhat flattened dorsally from medial margin of eyes to occipital carina, 
gradually rounded at apex. Occipital carina oval, gradually rounded with no apparent 
deviations in shape. Eyes very large, 0.44 mm long, 0.35 mm wide; high on head capsule, 
at 80% of the distance from anterior margin of clypeus to occipital foramen; distance  
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Figure 3. Sphecomyrmodes magnus holotype JZC Bu108A photomicrographs. A. 
Lateral view of entire large specimen. B. Face-on view of head. C. Lateral view of sting 
and third valvula. D. Dorsolateral view of gaster, petiole, and propodeum. 
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between inner margins of eyes wide, 0.95 mm; eyes bulging significantly in frontal and 
dorsal views. Ocelli present, oval, 0.10 mm long, 0.06 mm wide, spaced 0.17 mm apart 
on flattened cuticle between posterior margin of eyes. Cuticle raised between antennae. 
Antennal bases exposed, 0.15 mm in diameter, seated in oval cuticular depressions 
approximately 0.50 mm long, 0.40 mm wide; tentorial pits present near anterior margin 
of these depressions; depressions surrounded along interior curvature by frontal carina, 
which runs from 0.11 mm below antenna base to ~0.20 mm below anterior margin of 
eyes. Antenna: total length 6.66 mm, scape 0.70, pedicel 0.18, funicular segment I 0.61, 
II 0.51, III 0.65, IV 0.64, V 0.62, VI 0.58, VII 0.57, VIII 0.50, IX 0.48, X 0.62. Funicular 
segments setose and punctate. Clypeal sclerite with posterior margin concave and anterior 
margin convex, lateral margins linear, meeting posterior sulci at ~130° angle. Clypeus 
0.44 mm long at middle, possessing slightly upturned anterolateral shelf above mandible 
base; with long, tapered setae (up to 0.24 mm) on dorsal surface and anterior margin. 
Entire anterior margin of clypeus protruding, rounded, with comb of very stout (~0.02 
mm long), pointed setae (difficult to enumerate as preserved but >25). Mandibles 
obscured by fissure, appear narrowed for apical 2/3, possibly bidentate. Maxillary and 
labial palps not visible. 
Mesosoma: Robust, of similar height and length; setose, especially on dorsal 
surface. Weber’s length 2.51 mm (angle of view likely reducing this measurement 
slightly). Segment lengths in lateral view: pronotum 1.20 mm, mesonotum 0.63, 
metanotum 0.29, propodeum 0.90 mm. Pronotum with anterior extension, terminus 
rounded to meet and accommodate rounded occipital carina; extension concealed in 
lateral view, sclerite gradually rounded dorsally. Pronotal-propleural suture well 
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developed, propleuron only slightly exposed. Pronotal cuticle concave laterally just above 
procoxa. Mesopleuron broad, 0.88 mm greatest width. Dorsal surface of metanotum 
lower than mesonotum and propodeum; metanotal groove visible as darkened region. 
Propodeum shaped as a rounded right angle posterodorsally; spiracle opening near 
anterior sulci, protruding with surrounded cuticle pointed; patch of long, tapered setae (up 
to 0.17mm) on dorsal surface; metapleural gland opening visible as small pit just above 
metacoxa. Legs thick, long, covered in tapered setae of varied lengths. Procoxa 0.95 mm 
long, 0.50 mm wide at base, 0.36 mm wide at apex; protrochanter 0.38 mm long, 0.18 
mm wide; profemur 2.19 mm long, 0.26 mm wide, trochantellus visible; protibia 1.65 
mm long, 0.22 mm wide; Protibial spur not pectinate, flanked by two small stiff setae 
approximately 0.20 and 0.10X spur length. Mesocoxa 0.77 mm long, 0.43 mm wide at 
base, 0.20 mm at apex; mesotrochanter 0.42 mm long, 0.09 mm wide at base, 0.22 mm at 
apex; mesofemur 2.41 mm long, 0.27 mm greatest width, trochantellus present; mesotibia 
2.34 mm long, 0.24 mm wide; two mesotibial spurs of equal length, both appear simple, 
ring of 12 stiff setae approximately 0.20X spur length at apex of mesotibia. Metacoxa 
0.68 mm long, width distorted; metatrochanter 0.39 mm long, 0.14 mm wide at base, 0.19 
mm at apex; metafemur approximately 2.24 mm long, 0.20 wide, trochantellus visible; 
metatibia 2.03 mm long, 0.23 mm wide; two metatibial spurs of equal length present, one 
simple, one pectinate. Tarsus setose throughout, each tarsomere terminating with 6 
prominent, pointed setae, pretarsal claw with subapical tooth. 
Metasoma:  Petiole approximately 0.85 mm long, sessile, attaches broadly (0.37 
mm in lateral view) to propodeum; dorsal surface with sparse setae. Node rounded 
dorsally with flattened lateral surfaces; petiole height gradually increased to 0.62 mm at 
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apex, spiracle clearly visible in center. Helcium with distinct sulci, 0.26 mm in length, 
attaching to gaster segment I (abdominal segment III) at height of 0.27 mm; segment I 
1.14 mm long, segment II 0.56, III 1.30, IV 0.61, V 0.36, however, elongated segment I a 
result of disarticulation. Gaster slightly setose; segments III, IV, V with additional, 
numerous, tapered setae at posterior end. Pygidium setose; with blunt, setose third 
valvula visible 0.18 mm long, 0.08 mm wide, just above sting. Sting extruded 0.25 mm. 
 
TYPES: Holotype JZC Bu108A. Wingless female (presumed worker). Preserved in 
15 x 9 x 6 mm section of clear yellow amber – no other major inclusions. Paratypes JZC 
Bu114, JZC Bu343. 
  
ETYMOLOGY: From the Latin “magnus” meaning large, in reference to the striking 
size of this species. 
 
Sphecomyrmodes pilosus, new species 
urn:lsid:zoobank.org:act:4EB90F51-E862-4AEC-A7D7-8F104AF459A2 
Figures 4A-C 
 
WORKER DIAGNOSIS: Distinguishing features include high developed pilosity over 
much of body, with setae as long as ~0.25 mm; pronotum elongated into narrow neck; 
metanotal and propodeal spiracles protruding approximately 0.04mm; petiole with 
flattened, long, ventral projection; sternal projection on gaster segment I (abdominal 
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segment III) greater than 0.10 mm and slightly hooked; gaster segment I and II with 
narrow but deep dorsal constriction between them. Approximate body length 4.31mm. 
  
DESCRIPTION: Head: Slightly elongate, length 0.91 mm from anterior margin of 
clypeus to posterior margin of head, 0.69 mm width in frontal view. Head capsule 
teardrop-shaped in profile, 0.58 mm at widest point just posterior to eyes, narrowing to 
0.23 mm at anterior margin of clypeus. Ocelli minute, diameter 0.03 mm, but 
significantly raised above surface of surrounding cuticle. Occipital foramen completely 
flat along medial axis. Dorsal surface of head with long, tapered setae in patch between 
ocelli and occipital foramen. Occipital carina not clearly visible, appears to be oval with 
smooth edges. Eye 0.18 mm in length, 0.14 mm wide, inner margins far apart (0.64 mm); 
eyes bulging laterally when viewed frontally, set approximately 2/3 from anterior edge of 
clypeus to occipital foramen. Stout, tapered setae present on gena along posteroventral 
face of head. Cuticle raised between antennal sockets, antennal bases exposed, 
surrounded posteriorly by semi-circular frontal carina reaching just below compound 
eyes. Total antenna length 2.61 mm.; scape 0.35, pedicel 0.15, funicular segment I 0.33, 
II 0.19, III 0.20, IV 0.19, V 0.20, VI 0.17, VII 0.17, VIII 0.20, IX 0.17, X 0.29; scape 
highly setose, remaining segments with sparse setae. Anterior and posterior clypeal 
margins convex and concave respectively; posterior margin meeting linear lateral margin 
at a 120° angle; tentorial pits present just above lateral and posterior clypeal margin 
union. Clypeal sclerite covered in tapered setae of various lengths ranging from 0.04 to 
0.24 mm. Entire anterior margin of clypeus with row of ca 20 short, stout setae 
approximately 0.02 mm long. Mandible bidentate, falcate, 0.41 mm long from base to  
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Figure 4. Sphecomyrmodes pilosus holotype JZC Bu225 photomicrographs. A. 
Lateral view of entire specimen. B. Frontal view of head. C. Lateral view of posterior 
region of mesosoma and anterior portion of metasoma. 
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apical tooth; apical tooth 0.29 mm long; basal tooth 0.15 mm, nearly twice the width of 
apical tooth at base; inner and outer surfaces of mandible with fine, sparse setae. Labial 
palps with two equal-sized palpomeres; maxillary palps with four segments, the fourth 
nearly twice the length of first three individually; all palpomeres densely covered with 
short setae.  
Mesosoma: Setae present throughout, especially lengthy along dorsal margins. 
Mesonotum elongate, narrow overall; Weber’s length 1.56 mm. Pronotum extended 
anteriad into a narrow neck; total length 0.70 mm as measured dorsally (neck comprising 
0.29 mm). Dorsal length of mesonotum 0.55 mm; metanotum 0.21 mm, propodeum 0.55 
mm. Propleural sulci well developed, ventral surface of propleuron covered with short, 
tapered setae; mesonotum with sparse setae of varied lengths. Mesonotum finely rugose, 
setose, surface gradually sloped. Metanotum with blunt, turret-like spiracle opening; 
sclerite itself covered in coarse, erect setae. Propodeum dorsally rounded with setae 0.15 
mm long. Propodeal spiracle situated at top of small, pointed, cuticular projection. 
Metapleuron faintly rugose; metapleural gland opening visible as small hole above 
metacoxae. Legs long, with each segment covered in setae. Procoxa 0.43 mm long, 0.33 
mm wide at base, 0.14 mm at lower joint; protrochanter 0.14 mm long, 0.14 mm widest 
point; profemur 0.92 mm long, 0.10 mm trochantellus not visible; protibia 0.67mm long, 
0.10 mm wide, tibial spur with small subapical tooth. Mesocoxa 0.27 mm long, 0.21 mm 
wide at base, 0.14 mm at lower joint; mesotrochanter 0.16 mm long, 0.11 mm wide; 
mesofemur 0.87 mm long, 0.10 mm wide, trochantellus visible; mesotibia 0.86 mm long, 
0.09 mm wide, with two tibial spurs of equal length. Metacoxa 0.31 mm in length; 
metatrochanter 0.12 mm long, 0.08 mm wide; metafemur 1.11 mm long, 0.06 mm wide, 
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trochantellus visible; metatibia 0.78 mm long, 0.09 mm wide, Tibial spur pectinate, 
accompanied by stiff, pointed setae on tibia approximately 0.3X length of spur. Tarsus 
heavily setose, apex of each tarsomere with whorl of four distinct, stout setae. Apex of 
distitarsomere with stout setae radiating in multiple directions. Pretarsal claw with 
subapical tooth. 
Metasoma: Petiole nodiform and extended, length 0.55 mm (peduncle 
comprising 0.11 mm), attaching to propodeum at height of 0.12 mm from lateral view. 
Peduncle with single small (<0.02 mm), narrow, pointed, dorsal projection. Dorsal node 
rounded and prominent, 0.16 mm high, possessing long setae up to 0.15 mm. Flat, ventral 
projection runs length of dorsal node, projecting ca 0.3x the height of node in opposite 
plane; spiracle visible in anterior region of this projection. Helcium not visible. Petiole 
attaches to gastral segment I (abdominal segment III) at height of 0.14 mm in lateral 
view. Gaster elongate, first two segments fully extended; long, sparse setae present on 
tergites and sternites throughout. Gastral segment I (abdominal segment III) 0.52 mm in 
length, heavily constricted dorsally where meeting segment II; with large (0.11 mm), 
pointed, slightly hooked sternal projection. Gastral segment II length 0.63 mm, segment 
III 0.28 mm, segment IV 0.17 mm, V 0.21 mm. Sting extruded, 0.60 mm exposed. 
 
TYPES: Holotype JZC Bu225. Wingless female (presumed worker). Preserved in 
dark-yellow amber trimmed to 12 x 12 x 3 mm, accompanied by particles of detritus; 
amber is also cracked and darkened near inclusion. 
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 ETYMOLOGY: From the Latin pilosus meaning hairy. Referring to the presence of 
setae over much of the body. 
 
Sphecomyrmodes robustus, new species 
urn:lsid:zoobank.org:act:953302E0-AC6D-44FB-BC15-734C3A29D371 
Figures 5A-C 
 
 WORKER DIAGNOSIS: Head dorsally flattened, frontal lobe present; mesosoma 
robust (height approximately 30% of length); metanotum with surface smooth; procoxae 
very broad (0.49 mm), protibial spur very thick, metapleural gland opening cavernous; 
petiole sessile. Body length 4.07-5.70 mm. 
 
DESCRIPTION: Head: Square, gradually rounded at each margin, length from 
anterior margin of clypeus to posterior margin of head 0.98 mm, width below eyes 0.95 
mm. Area between eyes flattened, extended anteriorly between antennae in form of a 
broad, rounded frontal lobe. Occipital carina a rounded rectangle, broad, 0.36 mm. Ocelli 
small, 0.04 mm in diameter, equidistant to each other, located between posterior margins 
of eyes on flattened surface of head. Distance between inner margins of eyes 0.78 mm; 
midline of eye located at 65% of distance between anterior margin of clypeus and 
occipital foramen; eye nearly round, 0.28 mm deep, 0.24 mm wide. Antennal socket oval, 
0.12 mm x 0.07 mm, embedded in raised frontal lobe but visible in frontal view; tentorial 
pits visible just anterior to antenna base. Frontal carina extends from anterior margin of 
frontal lobes to below anterior margins of eyes, curving outward. Torulus raised to  
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Figure 5. Sphecomyrmodes robustus holotype JZC Bu223A photomicrographs. A. 
Full lateral view of specimen. B. Lateral view of mesosoma, petiole, and first gastral 
sclerite. C. Frontal view of head. 
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obscure approximately half of antennal base; antennal length 4.22 mm; scape 0.46 mm, 
pedicel 0.15 mm, funicular segment I 0.46 mm, II 0.32, III 0.35 mm, IV 0.37, V 0.37, VI 
0.31, VII 0.35, VIII 0.33 IX 0.34, X 0.41, antennomeres devoid of long setae. Gena 
covered with fine, tapered setae. Frontal lobe terminates at posterior margin of clypeus. 
Clypeus length 0.23 mm along midline, surface raised slightly, anterior margin of clyepus 
convex, posterior margin concave, meeting linear lateral margin at 135° angle. Lateral 
margin of clypeus upturned slightly, pointed anterior projection conceals mandible base. 
Clypeal sclerite covered with fine, tapered setae; also with 8-10 long, fine setae (0.20 
mm) projecting anteriad. Entire anterior margin of clypeus with row of at least 20 stout 
setal pegs. Mandible falcate, bidentate, setose [partially obscured, preventing 
measurements; maxillary and labial palps not visible]. 
Mesosoma: Robust, Weber’s length 2.04 mm; height 0.60 mm, measured as a 
perpendicular straight line at mesonotum/mesopleuron. Segment lengths, lateral views: 
Pronotum 0.88 mm, mesonotum 0.58 mm, metanotum 0.21 mm, propodeum 0.62 mm. 
Pronotum-propleuron sulci well developed; propleuron reduced, hardly visible in lateral 
view, covered with fine setae. Mesonotum and metanotum with no apparent sculpturing 
except small projecting metanotal spiracle, glabrous. Metanotal groove narrow, deep, 
prominent. Propodeum gradually rounded with flattened dorsal face, propodeal spiracle at 
tip of small, blunt dorsal projection. Metapleural gland opening present, 0.09mm wide, 
oval-shaped, above metacoxa. No trochantellus present on any leg pairs. Procoxa 0.67 
mm long, 0.49 mm wide at base, 0.22 mm at apex; protrochanter 0.21 mm long, 0.15 mm 
wide; profemur 1.02 mm long, 0.24 mm wide; protibia 0.92 mm long, 0.14 mm wide, 
with single, simple spur possessing subapical tooth; protibial spur very thick, 0.05 mm 
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wide at base, accompanied by two stiff pointed setae approximately 0.5X its length. 
Mesocoxa 0.37 mm long, width obscured; mesotrochanter 0.17 mm long, 0.15 mm wide; 
mesofemur 1.30 mm, 0.22 mm wide; mesotibia 1.21 mm long, 0.15 mm wide, with one 
simple and one pectinate spur of equal lengths. Metacoxa 0.67 mm long, 0.31 mm 
greatest width; metatrochanter 0.26 mm long, 0.14 mm wide; metafemur 1.73 mm long, 
0.22 mm wide; metatibia 1.62 mm long, 0.20 mm wide, with two apical spurs, one 
pectinate, other simple. Tarsi setose, each one terminating with four prominent, pointed 
setae. Pretarsal claw with subapical tooth. 
Metasoma: Petiole nodiform, with no apparent peduncle, attaches to propodeum 
at a height of 0.13 mm. Node gradually rounded dorsally, posteriorly decreasing in 
height, petiole cylindrical between node and gaster attachment, greatest height 0.40 mm, 
possessing linear groove along lateral face, attaching to gastral segment I (abdominal 
segment III) at a height of 0.20 mm. Gastral segment I with small (0.05 mm), slightly 
hooked projection on sternite. Gaster segments telescoping, retracted. Segment I 0.43 mm 
long, II 0.85 mm, III 0.42 mm, IV 0.21 mm [segment V retracted and not visible]. 
Segment IV setose along posterior margin. Sting slightly extruded, 0.18 mm exposed. 
Third valvula visible, glabrous, appears to be two separate pointed structures. 
 
 TYPES: Holotype JZC Bu223A. Wingless female (presumed worker) in a 18 x 7 x 
4mm section of transparent yellow amber. Also contained are particles of detritus, a 
partial midge and an additional, heavily distorted and decomposed wingless female ant. 
Paratypes JZC Bu106, JZC Bu223B (other decomposed inclusion in same piece). 
  
  85 
ETYMOLOGY: From Latin “robustus” meaning strong, in reference to thick-bodied 
nature of the animal.  
 
Sphecomyrmodes rugosus, new species 
urn:lsid:zoobank.org:act:33FCF64E-65BA-429A-989C-FD0EE86F65E0 
Figures 6A-C 
 
 WORKER DIAGNOSIS: Distinguished by distinct, longitudinally rugose sculpturing 
throughout meso- and metasomal surface. Head ~1.20X wider than long; cuticle raised 
between and posterior to antennae; eyes small relative to congeners (depth 0.15mm, 
width 0.08mm). Maxillary palps very prominent, with six palpomeres (as opposed to 4 in 
other known species). Cylindriform petiole with high propodeal attachment point. Total 
body length: 4.97 mm. 
 
DESCRIPTION: Head: Head rounded-rectangular, wider than long, length from 
anterior margin of clypeus to posterior margin of head 0.72 mm, width below eyes at 
greatest 0.90 mm. Occipital carina obscured by bubble inclusion. Ocelli obscured by 
fissure. Distance between inner margins of eyes 0.64 mm. Midline of eye ~70% of the 
distance between anterior margin of clypeus and occipital foramen. Eyes small, elongate, 
0.15mm deep, 0.08mm wide; bulging when viewed head-on. Cuticle between antennae 
raised as a fontal lobe, this elevated region begins at posterior clypeal margin and extends 
posterior to antennae as a notched shelf above antennal bases and clypeus, eyes present at 
margins of this heightened shelf. Antennal socket oval, 0.08 mm x 0.05 mm, surrounded  
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Figure 6. Sphecomyrmodes rugusus holotype JZC Bu1648 photomicrographs. A. 
Lateral view of specimen, which is largely obscured by air inclusions from any single 
view. B. Frontal view of head. C. Dorsal view of mesosoma, petiole, and gaster. 
 
on one lateral margin and posteriorly by raised cuticle. Antennal length 2.64 mm; scape 
0.48 mm, pedicel 0.19 mm, funicular segment I 0.27 mm, II 0.22, III 0.22, IV 0.18, V 
0.21, VI 0.21, VII 0.20, VIII 0.19, IX 0.19, V 0.26, antennomeres glabrous. Clypeus 
raised medially, 0.14 mm in length along midline, anterior margin convex, posterior 
margin concave, suture of lateral margin not visible. Anterolateral margin of clypeus 
raised and upturned slightly, covers base of mandible. Entire anterior margin of clypeus 
with over 32 stout (0.02 mm), slightly pointed setal pegs. Just above clypeal pegs are 
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sparse, tapered setae up to 0.06 mm in length. Mandible simple, bidentate, with apical 
tooth 3X length of basal tooth. Maxillary palp with six palpomeres, basal-most palpomere 
obscured, second and third palpomeres approximately 60% the length of the remaining 
three individually. Labial palps somewhat obscured, two equal-sized palpomeres visible. 
Mesosoma: Pronotal and propodeal cuticle with rugose sculpturing, in the form of 
deep longitudinal grooves; grooves not visible on other mesosomal segments perhaps due 
to preservation. Weber’s length 1.63 mm, mesosomal height distorted by desiccated 
nature of specimen. Segment lengths, from lateral view: Pronotum 0.84 mm, mesonotum-
metanotum combined length 0.41 mm, suture not visible due to transverse fissure, 
propodeum 0.46 mm. Propleuron very narrow from lateral view, propleuron-pronotum 
sulci well developed. Metanotal spiracle opening produced; metanotal groove visible as 
region of darkened cuticle. Propodeum possseses large, oval-shaped metapleural gland 
opening 0.06 mm wide above anterior margin of metacoxa. Propodeal spiracles present at 
tips of dorsal cuticular projections near anterior suture. Petiole attaches high near dorsal 
margin of propodeum. No trochantellus present on legs. Procoxa 0.42 mm long, width 
distorted; protrochanter 0.15 mm long, 0.11 mm wide; profemur 0.85 mm long, 0.14 mm 
wide; protibia 0.80 mm long, 0.11 mm wide with small, tapered setae near anterior joint 
and single spur with small subapical point; spur accompanied by a stiff basal seta ~30% 
as long as spur itself. Mesocoxa 0.32 mm long, width distorted; mesotrochanter 0.13 mm 
long, width 0.12 mm; mesofemur 0.63 mm long, 0.13 mm wide with small tapered setae 
near apex joint; mesotibia 0.97 mm long, 0.09 mm wide, possessing numerous tapered 
setae near apical joint and single pectinate spur. Metacoxa 0.38 mm long, width distorted; 
metatrochanter 0.11 mm long, width 0.10 mm; metafemur 0.69 mm long, 0.12 mm wide 
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with small tapered setae at apex; metatibia 1.19 mm long, 0.09 mm wide with numerous 
tapered setae near apex and paired spurs (one pectinate, one simple) of equal length. Tarsi 
setose, each with four stiff, pointed setae at terminus; pretarsal claw with subapical tooth. 
Metasoma: Petiole cylindrical, with slight dorsal projection, longitudinal 
sculpturing present throughout, attaches to propodeum at a height of 0.09 mm, increasing 
to height of 0.17 mm at apex of rounded node, total length of 0.47 mm, attaches to gaster 
segment I (abdominal segment III) at a height of 0.12 mm; no helcium sclerite visible. 
Gaster segments heavily sculptured and rugose. Gaster tergite segments disarticulated, 
sclerites not visible as preserved. Gaster segment I 0.29 mm long, II 0.60 mm, III 0.59 
mm, segments IV and V largely obscured by fissures.  
 
 TYPES: Holotype JZC Bu1648, wingless female (presumed worker) in transparent 
yellow piece of amber, rounded and polished to 19 x 15 x 4 mm. Specimen surrounded 
by numerous small bubble inclusions as well as fibrous plant material. 
  
ETYMOLOGY: From the latin word “rugose” meaning wrinkled, in reference to 
cuticular sculpturing. 
 
 COMMENTS: Specimen is heavily desiccated in some regions, however the 
characteristic rugosity is unlikely a result of this desiccation as many sclerites, as well as 
the head capsule, remain more glabrous in appearance. The two additional palpomeres on 
the maxillary palps is a significant difference, as is the frontal lobe and cylindrical petiole 
with high attachment.  
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Sphecomyrmodes spiralis, new species  
urn:lsid:zoobank.org:act:EBEA426D-72BF-4942-8AE7-58669BB8C5B8 
Figures 7A-C 
 
WORKER DIAGNOSIS: Most similar to S. orientalis but distinguished by fewer 
setae on exterior mandible margin surface and presence of sternal projection on anterior 
margin of gaster segment I (abdominal segment III) – some other characters not 
observable in S. orientalis holotype. Can be separated from other Sphecomyrmodes 
species by sinuous frontal carina spiraling out from antennal base; head slightly drop-
shaped in profile view with greatest height/width posteriorly. Body length 4.22 – 5.11 
mm. 
 
DESCRIPTION: Head: gradually widened antero-posteriorly and dorsoventrally. 
Frontal view: width just below eyes ca 1.2× greater than width at clypeus; laterally, depth 
just below eyes nearly twice depth at clypeus; head width just below eyes 0.90 mm, 
height from anterior margin of clypeus to posterior margin of head ca 0.90mm. Head 
slightly flattened dorsally. Ocelli present, small, 0.05 mm diameter, located between 
center of eyes when viewed dorsally. Occipital foramen gradually rounded, oval-shaped. 
Center of eyes positioned above anterior ridge of clypeus at 70% the distance between 
ridge and occipital foramen; eyes bulging when viewed frontally, inner margins 0.80 mm 
apart. Eye length ca 1.25× the depth. Antennal bases exposed, oval, longer radius twice 
that of shorter radius. Cuticle raised between antennae, with semi-circular frontal carina 
originating at anterior ridges of toruli, curving and terminating lateral to bottom margin  
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Figure 7. Sphecomyrmodes spiralis holotype JZC Bu222A photomicrographs. A. Full 
lateral view of entire. B. Face-on view of head. C. Lateral view of anterior portion of 
gaster, petiole, and propodeum. 
 
of eyes. Total antenna length 3.31 mm: Scape 0.48, pedicel 0.17, funicular segment I 
0.35, II 0.26, III 0.25, IV 0.28, V 0.25, VI 0.24, VII 0.26, VIII 0.32, IX 0.18, X 0.27 mm. 
All segments narrow and devoid of long setae. Clypeus a rounded trapezoid, with convex, 
parallel anterior/posterior margins and straight lateral margins converging at a 140° angle 
just below antennae; tentorial pits visible just lateral to this union on head capsule. 
Clypeus length 0.21 mm along medial axis, sparse tapered setae approximately 0.12 mm 
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in length present on dorsal surface. Clypeal cuticle raised slightly in center and near 
lateral margins, entire anterior margin possesses ca 25 stout (0.02 mm long) setae. 
Anterolateral margin of clypeus with slight anterior projection, obscures mandible base 
when viewed from above. Mandibles falcate, 0.36 mm from base to tip of apical tooth, 
gradually hooked, with slight groove along inner curvature. Mandibles with two denticles 
at terminus, apical tooth approximately 1.4× longer and slightly more narrow than basal 
tooth. Mandibles with sparse setae on outer margin (mandibles preserved slightly 
extended but appear to retract flush with anterior margin of clypeus). Two labial 
palpomeres present, basal palpomere slightly longer. Maxillary palps with four segments, 
basal one 0.3× size of remaining equal-sized segments.  
Mesosoma. Weber’s length 1.70 mm. Dorsal length of pronotum 0.70 mm, 
mesonotum 0.41, metanotum 0.20, propodeum 0.52. Dorsally, pronotum broadly attached 
to ca 0.3x the width of head. From above, pronotum narrows anteriorly to accomodate 
head capsule concavity, gradually widens 1.5× in width above fore coxae. Pronotum-
propleuron sulcus well developed. Mesonotum slightly rugose, sloped at 60° angle to 
metanotum. Metanotum with distinct sulci surrounding the sclerite, raised slightly above 
mesonotum and propodeum; metanotal spiracle protruding, surrounding cuticle pointed 
dorsally. Metanotal groove clearly visible. Propodeum gradually rounded postero-
dorsally, propodeal spiracle turret-like. Metapleural gland opening visible as sizeable 
oval-shaped indentation just above metacoxa. Propodeum with steep (75°) slope leading 
to petiole. Procoxa 0.73 mm in length, 0.36 mm wide, with many short setae. 
Protrochanter 0.15 mm length, 0.13 mm wide; profemur 0.94 mm length, 0.16 mm wide 
with trochantellus visible; protibia 0.75 mm long, 0.11 mm wide. Single protibial spur 
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with small subapical point, spur pectinate between subapical and apical points. Two stiff 
setae at spur base approximately 0.75x spur length. Mesocoxa 0.27 mm long, 0.15 mm 
wide; mesotrochanter 0.16 mm long, 0.08 mm wide; mesofemur 1.11 mm long, 0.15 mm 
wide, with trochantellus and small, tapered setae projecting from lower joint; mesotibia 
1.01 mm long, 0.12 mm wide, with one pectinate and one simple tibial spur equal in 
length, setae approximately half spur length present at lower joint. Metacoxa 0.46 mm 
long, 0.24 mm wide; metatrochanter 0.24 mm long, 0.10 mm wide; metafemur 1.02 mm 
long, 0.10 mm wide, with trochantellus and small, tapered setae at lower end; metatibia 
0.92 mm long, 0.11 mm wide, thick pectinate metatibial spur paired with thinner simple 
spur of same length at terminal end. Each leg with minute trochantellus present. Tarsal 
segments setose, with four thick setae per segment at apex of each tarsomere. Pretarsal 
claws with subapical tooth; whorl of approximately 5 pairs of long setae near arolium. 
Metasoma: Petiole nodiform, pedunculate, 0.40 mm total length (peduncle 0.09 
mm); attaching to propodeum at a height of 0.13 mm in lateral view. Nodiform dorsal 
projection gradually rounded, approximately 0.30 mm high, reduced to 0.15 mm at 
helcium. Helcial sternite distinct and elongate with clear sulci, 0.10 mm length. 
Abdominal segments 3-7 appear slightly telescoped, not fully exposed. Gastral segment I 
(abd segment III) narrowed greatly and extended 0.12 mm anteriorly to meet petiole, 
possessing pointed sternal projection underneath this extension (0.04 mm long). Gastral 
segment I (incl extension) 0.42 mm long, segment II 0.57 mm, segment III 0.37 mm, 
segment IV 0.26 mm, segment V setose 0.22 mm. Sting extruded, 0.41 mm exposed. 
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 TYPES : Holotype JZC Bu222A. Wingless female (presumed worker). Preserved 
in darkened orange-colored amber, trimmed to 11 x 6 x 4 mm. Amber also contains 
particles and detritus, plant trichomes. Curiously, the subapical tooth of one mandible 
appears to be broken off. Paratypes JZC Bu224, JZC Bu111, JZC Bu301, JZC Bu112, 
JZC Bu105-A, JZC Bu302-A. 
 
ETYMOLOGY: In description of distinctive spiraling frontal carina. 
COMMENTS: This species appears to be the most common in Burmese amber, comprising 
the greatest percentage (~25%) of currently known and identifiable Burmese ant workers. 
 
Sphecomyrmodes subcuspis, new species 
urn:lsid:zoobank.org:act:1AC94161-01E9-42CA-8BBF-3C837D433D3C 
Figures 8A-C 
 
WORKER DIAGNOSIS: Differentiated on basis of acute ventral petiole projection 
with sheer anterior face; clypeus setose, rounded posteriorly. Total length 5.35 - 5.76 
mm. 
DESCRIPTION: Head: Capsule somewhat square, in frontal view length from 
posterior margin of head to anterior margin of clypeus 0.95 mm, width just below eyes 
0.93 mm. Width of face varies little, except for gradual rounding at dorsal margin. Head 
in profile somewhat drop-shaped, narrowed 40% from median margin of eyes to clypeus.  
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Figure 8. Sphecomyrmodes subcuspis holotype JZC Bu304 photomicrographs. A. 
Lateral view of entire body, partially obscured by fissure in amber. B. Frontal view of 
head. Lateral view of propodeum, petiole, and anterior sclerites of gaster. 
 
Occipital carina oval, with smooth uninterrupted edges. Ocelli not observable [if present, 
obscured by particulate matter and bubbles]. Eye length 0.26 mm, width 0.19 mm, 
midline positioned approximately 70% toward occipital foramen from anterior margin of 
clypeus. Eyes bulging greatly in frontal view, inner margins of eyes separated 0.74 mm. 
Antennal socket exposed, torulus well developed, raised to partially cover antennal bases. 
Frontal carina sinuous, spiral from anterior margin of antennal socket to just lateral of 
bottom edge of eye. Cuticle raised between antennae. Total antenna length 3.34 mm; 
scape 0.62, pedicel 0.15, funicular segment I 0.49, II 0.35, III 0.32, IV 0.34, V 0.30, VI 
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0.24, VII 0.27, VIII 0.30, IX 0.32, X 0.41. Segments of roughly equal thickness 
throughout, devoid of macrosetae. Posterior margin of clypeus broadly notched, 
gradually joined with lateral margin at very wide (~160°) angle. Clypeal sclerite raised 
along medial axis, with numerous setae of varied lengths (as long as 0.15 mm) on dorsal 
surface. Entire anterior margin of clypeus convex, with row ca. 30 slightly pointed 
denticles, approximately 0.03 mm in length, these denticles appear as two rows in some 
sections of clypeal margin. Anterolateral margin of clypeus raised as a slightly upturned 
shelf above base of mandible in frontal view. Mandibles bidentate and falcate, 0.69 mm 
long from base to tip of apical tooth; apical tooth 0.16 mm long, 0.06 mm wide at base, 
basal tooth measurements 0.08 mm, 0.09 mm. Labial palps comprised of two equal-sized 
palpomeres, maxillary palps not visible.  
Mesosoma: Some features of mesonotum obscured by fracture through ant 
inclusion. Pronotum extended and rounded to accommodate and meet occipital foramen, 
which is rounded in dorsal view. Weber’s length 2.11 mm. Pronotum length 0.92 mm 
dorsally, mesonotum 0.43 mm, metanotum 0.32 mm, propodeum 0.65 mm. Pronotal-
propleural sulci well developed, promesonotal suture appears very deep, metanotal 
groove also prominent. Propodeal spiracle situated at tip of cuticular projection near 
anterior margin of sclerite; projection oriented posterodorsad. Metapleural gland opening 
visible as indentation just above metacoxa (a small air bubble protruding). Legs 
extremely long, with very sparse setae. Procoxa 0.67 mm long, width obscured, 
protrochanter 0.23 mm long, 0.17 mm wide; profemur 1.41 mm long, 0.17 mm wide, 
trochantellus visible; protibia 1.11 mm long, 0.12 mm wide; protibial spur pectinate, with 
two accompanying setae attached to tibia approximately 0.3x length of spur. Mesocoxa 
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0.37 mm long, 0.24 mm wide at base, 0.14 mm at apex; mesotrochanter 0.23 mm long, 
0.16 mm at widest; mesofemur 1.47 mm long, 0.14 mm wide, trochantellus present; 
mesotibia 1.36 mm long, 0.12 mm wide; two mesotibial spurs present, one pectinate, the 
other simple and slightly shorter, with single short, stiff seta at spur base. Metacoxa 0.65 
mm long, 0.14 mm wide at base, 0.20 at apex; metatrochanter 0.26 mm long, 0.14 mm at 
widest point; metafemur 1.17 mm long, 0.09 mm wide, trochantellus visible; metatibia 
1.78 mm long, 0.15mm wide. Two metatibial spurs present, one thick and pectinate, one 
thin and simple. Tarsus setose along inner margin, terminus of each tarsomere with four 
prominent, pointed setae; distitarsomere with prominent arolium, six projecting setae, 
claw with subapical tooth. 
Metasoma: Petiole nodiform, with shortened peduncle and rounded dorsal node. 
Propodeal-petiolar attachment height 0.16 mm. Petiole length 0.59 mm in lateral view 
(peduncle 0.11 mm.) Node gradually rounded, height 0.36 mm, shortened to 0.18mm at 
gaster attachment point. Ventral projection of petiole present, originates approximately at 
center of petiole, gradually increased in height anteriad to 0.06 mm at its apex, with sheer 
anterior face. Gastral segment I (abdominal segment III) extended 0.10 mm anteriorly, 
meeting petiole with projection pointed ventrad (projection 0.08 mm long). Segment I 
length 0.55 mm, including anterior extension, gastral segment II length 0.60 mm, 
segment III 0.35 mm, IV 0.20 mm, V 0.29 mm. Pygidium setose; sting extruded, 0.95 
mm exposed. 
 
TYPES: Holotype JZC Bu304. Wingless female (presumed worker). Specimen 
preserved in 29 x 13 x 4 mm piece of very clear yellow amber.  Also preserved are 
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particles of detritus, bubbles, a partial spider, and an insect larva (not an ant). Paratypes 
JZC Bu305, JZC Bu121A. 
  
ETYMOLOGY: From cuspis, Latin for point, in reference to the petiolar projection; 
the prefix in reference to the ventral position of this point.  
  
 
Sphecomyrmodes tendir, new species  
urn:lsid:zoobank.org:act:81A4DB69-1E5E-4418-9578-A212E796790F 
Figures 9A-C 
 
WORKER DIAGNOSIS: Differs from congeners based on the clypeal setae, which do not 
cover the entire anterior margin as in other Sphecomyrmodes, but rather only a medial 
portion of the anterior margin where there is also a prominent medial lobe; a reduced 
subapical tooth on the pretarsal claw. Body length 6.93 mm. 
 
DESCRIPTION: Head: elongate, even in width throughout. Height from anterior 
ridge of clypeus to posterior margin of head 1.22 mm, width greatest below eyes, 0.78 
mm. Medial margin of eyes positioned ~55% the distance from anterior margin of 
clypeus to posterior margin of head; eyes small, bulging when viewed head-on, 0.11 mm 
deep, 0.06 mm wide. Cuticle heavily darkened, fine sutures and details obscured, ocelli 
not visible. Two small, pointed lobes present on vertex of head. Cuticle raised between 
antennae, antennal bases exposed (measurement not possible due to darkening). Funicular  
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Figure 9. Sphecomyrmodes tendir holotype JZC Bu303A photomicrographs. A. 
Lateral view of entire specimen, other views not possible due to severe cuticle darkening. 
B. Anterolateral view of head. C. Enlarged view of tarsus demonstrating reduced 
subapical tooth on pretarsal claw.  
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segments IX and X missing. Scape 0.42 mm long, pedicel 0.16, funicular segment I 0.38, 
II 0.31, III 0.30, IV 0.20, V 0.25, VI 0.30, VII 0.27, VIII 0.25. Clypeus with medial 
anterior expansion originating 0.11 mm from mandible base, 0.10 mm deep at apex; 
anterior margin of this expansion with row of approximately 20 pointed setae (0.02 mm 
long). Anterolateral margin of clypeus with shelf-like, pointed anterior projection 
covering mandible bases. Mandibles glabrous, bidentate with apical tooth slightly larger 
than subapical. Maxillary palps with four, approximately equally-sized palpomeres; labial 
palps with two equal palpomeres. 
  Mesosoma: Entire mesosoma glabrous. Weber’s length 2.35 mm. Pronotum 
length 0.78 mm, mesonotum 0.55, metanotum 0.32, propodeum 0.74. Pronotum-head 
capsule attachment point obscured by darkened cuticle. Mesonotum with rugose 
sculpturing, metanotal spiracle opening protruding, surrounding cuticle rounded. 
Propodeal spiracle near anterior margin of sclerite, present on top of dorsal projection; 
metapleural gland opening very large (0.15 mm at greatest width) just above metacoxa. 
Propodeum gradually rounded posterodorsally, petiole attaches at posteroventral margin. 
Procoxa 0.69 mm long, 0.30 mm wide at base, 0.19 mm at apex; protrochanter 0.31 mm 
long, 0.16 mm wide; profemur 1.43 mm long, 0.18 mm wide with trochantellus present; 
protibia 0.74 mm long, 0.15 mm wide; single protarsal spur possesses small subapical tip, 
pectinate between this tip and apex. Mesocoxa 0.56 mm long, 0.33 mm wide at base, 0.24 
mm wide at apex; mesotrochanter 0.32 mm long, 0.13 mm wide; mesofemur 1.44 mm 
long, 0.13 mm wide with trochantellus; mesotibia 1.34 mm long, 0.08 mm wide with 
numerous tapered setae toward apex; two mesotibial spurs of equal length present, one 
simple, one pectinate. Metacoxa 0.59 mm long, 0.24 mm wide at base, 0.17 mm wide at 
  100 
apex; metatrochanter 0.30 mm long, 0.15 mm wide; metafemur 1.60 mm long, 0.16 mm 
wide, slightly setose; metatibia 2.06 mm long, 0.18 mm wide, with tapered setae toward 
apex; one simple and one pectinate tibial spur of equal length. Tarsomeres terminate with 
four stiff, pointed setae; pretarsal claw with very slight, reduced subapical tooth. 
Metasoma: Petiole cylindrical, with a slight peduncle, total length 0.70 mm 
(including peduncle [0.13 mm]) attached to propodeum at height of 0.10 mm in lateral 
view, increasing to 0.31 mm at apex; dorsally setose with long, tapered setae up to 0.13 
mm in length; helcium a distinct sternite with a length of 0.16 mm, attaching to gastral 
segment I (abdominal segment III) at a height of 0.24 mm. Gaster elongate, desiccated 
and slightly distorted. Gastral segment I (abdominal segment III) 0.42 mm, II 0.43, III 
0.41, IV 0.35, V 0.39. Pygidium with ring of small, tapered setae; sting extruded and 
visible through cleared gaster, 0.57 mm in total length. 
 
 TYPES : Holotype JZC Bu303A. Wingless female (presumed worker) preserved in 
15 x 8 x 4 mm section of transparent yellow amber, surrounded by small particles of 
detritus. Paratype JZC Bu303B 
 
ETYMOLOGY: From the latin word “tendo” meaning to extend. Referring to the 
medial clypeal projection. 
 
COMMENTS: The severely darkened cuticle of the specimen renders resolving some 
detailed characters impossible with light microscopy. The distinctive medial lobe on the 
  101 
anterior margin of the clypeus is similar to that of Sphecomyrma mesaki Engel and 
Grimaldi, however more broad. 
 
Key to Sphecomyrmodes workers 
 
This key is intended for identification of Sphecomyrmodes workers presently known from 
Burmese and Charentese amber. 
 
1. Anterior margin of clypeus with conspicuous medial lobe, setae present only along this 
lobe, not entire margin… tendir 
 
- Clypeus without such a lobe or if minor lobe present, setae span entire anterior 
margin…2 
 
2. Petiole possesses a ventral projection with a flattened anterior face (as in figure 10A) 
…3 
 
- Ventral projection gradually rounded anteriorly or no projection present (as in figures 
10B,C)…4 
 
3. Head, mesosoma, and metasoma heavily coated in tapered setae (as long as 0.25 mm); 
dorsal constriction between gastral segment I and II (abdominal segments III and IV). 
… pilosus 
 
- No such coating, surface of head and body nearly devoid of setae; no constriction 
between gastral segment I and II (abdominal segments III and IV)…  subcuspis 
 
4. Antennal scrobe present, leading from antennal base to compound eye, scrobe 
approximately same length as scape… contegus 
 
- No scrobe present…5 
 
5. Petiole sessile; dorsal surface of clypeus with numerous long (≥ ~0.20 mm) tapered 
setae extending over mandibles…6 
 
-Petiole pedunculate; dorsal clypeal surface glabrous or with arrangement of short setae 
…7 
 
6. Total body length excluding sting and antennae ≥ 8.0 mm… magnus 
 
-Total body length excluding sting and antennae < 6.0 mm… robustus 
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7. Pointed sternal projection present on gaster segment I (abdominal segment III) (as in 
figures 10A-D)…8 
 
- Ventral surface of gaster segment I with no projection…10 
 
8. Head and body cuticle smooth, with no rugosity; maxillary palps with four palpomeres 
…9 
 
-Head and body cuticle rugose; maxillary palps with six palpomeres… rugosus 
 
9. Mesopleuron extremely elongate such that the distance between the pro- and 
mesocoxae is roughly twice the procoxal length… gracilis 
 
-Mesopleuron fairly stout, distance between pro- and mesocoxae equal to or less than 
width of procoxae… spiralis 
 
10. Setae present on external margins of mandibles… orientalis 
 
- External margins of mandibles entirely glabrous… occidentalis 
  
 
Discussion 
Comparison with modern and other Cretaceous taxa 
Each species described here exhibits a unique assemblage of synapomorphic ant 
features, bygone primitive morphology, and characters not before known in stem-group 
taxa (figures 10, 11). Moreover, all of these animals possess a clearly discernible shared 
character, suggesting surprising diversity among closely related species. Described 
species possess a metapleural gland opening, petiole, and geniculate antennae, as in 
modern ants. Unlike crown-group ants, these species possess a shortened scape, 
comprising ≤ 0.25X the total antennal length, a feature of stem-group ants (Bolton 2003; 
Wilson et al., 1967). Members of the extinct genus Sphecomyrmodes also possess a comb 
of stout setae along the anterior clypeal margin (figure 12). A similar, although possibly  
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Figure 10. Drawings of Sphecomyrmodes mesosoma and partial metasoma in lateral 
view. A. S. pilosus holotype JZC Bu225. B. S. gracilis holotype JZC Bu324A. C. S. 
robustus holotype JZC Bu223A. D. S. spiralis holotype JZC Bu222A. 
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Figure 11. Drawings and partial reconstructions of Sphecomyrmodes heads. A. 
Frontal view of S. contegus holotype JZC Bu300A. B. Lateral view of S. contegus 
holotype. C. Reconstructed frontal view of S. gracilis holotype JZC Bu324A. D. Lateral 
view of S. gracilis holotype. E. Anterolateral view of S. robustus holotype JZC Bu223A. 
F. Frontal view of S. magnus holotype JZC Bu108A. G. Frontal view of S. robustus 
holotype. H. Reconstructed frontal view of S. spiralis holotype JZC Bu222A. I. Lateral 
view of S. spiralis holotype. J. Frontal view of S. pilosus holotype JZC Bu225. Lateral 
view of S. pilosus holotype. 
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Figure 12. Sphecomyrmodes spiralis paratype JZC Bu301 photomicrograph. Ventral 
view of head. Paratype is partially disarticulated, however provides a clear view of 
anterior clypeus margin. 
 
homoplastic, condition is found in some modern ants, such as Adetomyrma, Amblyopone, 
Martialis, and Stigmatomma (Rabeling et al., 2008; Yoshimura and Fisher 2012; Ward 
1994), and, aside from long trigger hairs found in trap-jaw ants, the function of clypeal 
setae is unknown. A comb of clypeal setae is also known from the Cretaceous genera 
Gerontoformica and Zigrasimecia (Barden and Grimaldi 2013; Nel et al., 2004). 
Zigrasimecia possesses an additional set of setae on the labrum, and Gerontoformica, 
while similar in many respects to Sphecomyrmodes, can be distinguished by an elongated 
scape, a character that may have importance with regard to the crown- or stem-group 
affinities. Despite the diagnosable differences among clypeal setae bearing ants, it seems 
likely that these groups share close relationships. 
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The genus Sphecomyrmodes is readily placed in the putative stem-group subfamily 
Sphecomyrminae. However, new Cretaceous diversity along with other incertae sedis 
taxa such as Myanmyrma (Engel and Grimaldi 2005) and Gerontoformica (Nel et al., 
2004) highlight the need for a rigorous phylogenetic analysis of Cretaceous taxa and 
stable classification. Some group features, such as the gastral constriction present in S. 
pilosus (figure 4a), indeed appear to vary within stem-group ant lineages.  
Unexpected diversity 
With a total of 11 species – nine described here, two described previously (Engel and 
Grimaldi 2005; Perrichot et al., 2008) – the genus Sphecomyrmodes represents significant 
diversification among stem-group ants united by a distinct trait. It should also be noted 
that the discovery of two Sphecomyrmodes workers in slightly older French amber 
(Perrichot et al., 2008) indicate that the genus had considerable geographic range. 
Anterior clypeal setae appear to have been useful for these early species, as they remain a 
consistent feature among a varying stock of morphological diversity (figures 10, 11, 12). 
Although these individuals have been placed within the same genus some of the features 
that vary among them are used in present-day taxa to separate higher-level groups. 
Sphecomyrmodes species are now known to vary with regard to scrobe presence, frontal 
carinae structure, petiole form, and palpomere count. There is also considerable diversity 
among comparable species-level traits such as pilosity, fine cuticular sculpturing, and 
body form. The range of overall body size and proportionality is quite large, with the 
smallest specimen of S. spiralis at just 4.22 mm in length, contrasted with the largest 
individual S. magnus at a total length of 8.64 mm. Mesosomal elongation varies as well, 
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with a ratio value (length/height) twice as high in S. gracilis as S. magnus. In terms of 
gaster length, proportionally, the fully extended gaster of S. contegus comprises just 25% 
of total body length, while the gastral segments of S. gracilis make up 50% of total body 
size.  
Ancient ant stem-groups were not morphologically stagnant. Indeed, ant species from 
the Cretaceous exhibited species-level radiations comparable to modern day taxa with 
similar variations of common features. This apparent homoplasy may be highly 
informative in understanding patterns of ant evolution as we now know that stem-group 
(that is, of Cretaceous age not possessing an elongated scape) ants appear to have the 
same innovations that their modern counterparts exhibit such as: feeding morphologies 
(mandibular, palp structure, setae patterning), head sculpturing (elongate, equilateral, 
widened), body form (gracile, robust, sculptured, setose), fine sculpturing (rugosity, 
pilosity, spiracle placement, sub-petiole and gastral projections), leg morphology (claw 
morphology, setae patterns). There is no clear single “linking-ant,” instead it is apparent 
that there was significant Cretaceous diversity and innovation, in this case curiously 
united by a clypeal peg structure that is known in extant basal lineages.  
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Abstract 
The early evolution of ants has been steadily unveiled over the past 20 years by the 
discovery of specimens preserved in mid- to Late Cretaceous amber deposits throughout 
the Northern Hemisphere. A recent wealth of specimens and species from exceedingly 
rich deposits of 99 Ma Burmese amber resolves long-standing ambiguity regarding 
sociality in Cretaceous ants. At least some Burmese amber stem-group ants had 
morphologically distinct castes: winged (alate) and dealate females (queens), winged 
males, and wingless females (workers). Dealate females are unknown in solitary aculeate 
(stinging) wasps. Moreover, morphological proportions of workers and reproductives are 
barely differentiated, suggesting caste flexibility and small colony size in early ants. 
Burmese amber also preserves very rare aggregations of Gerontoformica workers, 
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reflective of sociality; these aggregations even appear to display group foraging 
recruitment. The genus Sphecomyrmodes Grimaldi & Engel is synonymized with 
Gerontoformica Nel & Perrault, following re-examination of type material. Workers of 
two species of Gerontoformica engaged in combat; such aggression is a social feature of 
modern ants. Two new species and an unusual genus are described, [Camelomecia 
perplexa n.gen. n.sp., Gerontoformica maraudera n.sp.) further expanding the 
remarkable diversity of early ants. Stem-group ants are recovered in a phylogenetic 
analysis as a paraphyletic assemblage at the base of modern ants and varied greatly in 
body size, proportions, and mouthpart structure, interpreted here as an adaptive radiation. 
Even though Cretaceous stem-group ants were eusocial and adaptively diverse, we 
hypothesize that their extinction resulted from the rise of competitively superior crown-
group ant subfamilies that today form massive colonies, consistent with Wilson and 
Hölldobler’s concept of “dynastic succession”.  
 
Manuscript Body 
In most terrestrial ecosystems modern ants are ubiquitous. In rainforest ecosystems as 
many as 94 out of every 100 arthropods are ants (Davidson et al., 2003), and they 
constitute up to 15% of animal biomass in the Amazon (Fittkau and Klinge 1973). In 
addition, ants are pervasive agents of natural selection, clearly demonstrated by over ten-
thousand species of terrestrial arthropods that are specialized inquilines living in ant 
colonies, and taxa that are myrmecomorphs, defending themselves through mimicry of 
ant appearance and movement (reviewed by Hölldobler and Wilson, 1990; Mclver & 
Stonedahl 1993). Such impact is traditionally explained by the fact that ants are the first 
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major group of ground-dwelling predatory insects to become social (Hölldobler and 
Wilson, 1990). While all ants are social, the 13,000 described species vary greatly in 
behavior and morphology, ranging from groups of less than a hundred solitary hunters in 
conflict for reproductive rights, to colonies of millions exhibiting morphologically 
specialized and rigid division of labor. Castes and division of labor greatly increase the 
efficiency of task performance (Oster and Wilson 1978; Beshers & Fewell 2001). In 
addition, social insects are competitively far superior to solitary species primarily because 
nest mates quickly recruit others in defense and foraging. Understanding the earliest 
stages of ant evolution, and how these insects came to dominate vegetated land, is 
fortunately facilitated by a relatively rich fossil record, particularly of ants preserved with 
fidelity in amber. 
Ants occur in amber during the Cretaceous Period from approximately 100 to 72 Ma, 
known from five major deposits, and they have attracted substantial study. The first 
discoveries were made in Turonian-aged (ca. 92 Ma) amber from New Jersey, USA 
(Wilson et al., 1967; Grimaldi et al., 1997; Grimaldi and Agosti 2000), and then in 
Campanian-aged amber (ca. 72 Ma) from western Canada (Wilson 1985; Dlussky 1999; 
Engel et al., 2005; McKellar et al., 2013) and Santonian-aged amber (ca. 85 Ma) from 
northern Siberia (Dlussky, 1987). The oldest ants are from the latest Albian of France, ca. 
100 Ma (Nel et al., 2004; Perrichot et al., 2008), but the deposit that has attracted the 
most attention is from northern Myanmar, dated radiometrically at 99 Ma (Shi et al., 
2012) near the boundary between the Early and Late Cretaceous. This is the largest and 
biotically most diverse of all Cretaceous amber deposits, having yielded 21 species 
comprising over 50% of Cretaceous ant species (Dlussky 1996; Engel and Grimaldi 
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2005; Barden and Grimaldi 2012; 2013; 2014; Perrichot 2014), and is a focus of this 
paper. 
Overall, ants are rare in the Cretaceous, always representing much less than 1% of all 
individual insects from individual deposits (Grimaldi and Agosti 2000; LaPolla et al., 
2013). By the Early to mid-Eocene, 52-42 Ma, they rise in abundance from between 5-
12% (Dlussky and Rasnitsyn 2007; Rust et al., 2010; Wang et al., 2014), coinciding with 
the proliferation of the major modern subfamilies of ants. In Miocene Dominican amber 
(ca. 20 Ma), ants comprise 20% of all insect inclusions (Grimaldi and Agosti 2000). 
Interestingly, the development of specialized myrmecophily coincided with the dramatic 
increase in abundance of modern ant groups in the Paleogene (Parker and Grimaldi 
2014).  
The existence of sociality in Cretaceous ants has been based on inference and is 
therefore controversial. Dlussky (1983) concluded that the few Cretaceous ants known at 
the time were similar to various modern solitary aculeate wasps in which the female is 
wingless and the male winged (e.g., many Chrysidoidea, Bradynobaenidae, methochine 
Tiphiidae, all Mutillidae, some rhopalosomatids and pompilids). Specifically, in most 
modern ants the basal antennal segment is a long scape, which gives the antenna its 
distinctive elbowed structure, and allows some manipulation of food items with the 
antennal tip. Dlussky reasoned that the short scape and long funiculus of Cretaceous ants 
prevented this behavior, so they were unable to engage in crucial social activities such as 
feeding larvae. Wilson (1987) disputed this on the basis that various eusocial bees and 
vespids have short antennae but feed larvae, also based on the relatively large gaster size 
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of the four Cretaceous species of wingless female ants known at the time, whose 
proportions are similar to that of ant workers.  
Here we present further, but also direct, morphological evidence for reproductive 
caste differentiation in Cretaceous ants and very rare preserved instances of social 
behavior in the extinct genus Gerontoformica, known from the Cretaceous of France and 
Myanmar. 
 
Morphological evidence for sociality 
• A synapomorphy of Formicidae, ants possess a specialized, complex metapleural 
gland, visible as an opening externally on the posterior region of the mesosoma. The 
gland produces anti-microbial secretions, which are thought to function in disinfecting 
colonies (Yek and Mueller 2011). All Cretaceous ants have a gaping, fully exposed 
metapleural gland opening (Grimaldi et al., 1997; Barden and Grimaldi, 2012, 2013, 
2014). 
• Four morphs are known in the Burmese amber ant genera (Table 1): (1) entirely 
wingless females (workers); (2) females that are fully winged (alates), and (3) ones that 
have lost the wings but retain small wing stubs (dealates) (both 2 and 3 being queens); 
and (4) fully winged males.  
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Table 1. Summary of known castes among Cretaceous amber ants. Haidomyrmecini 
comprises the tusk-jawed genera Haidomyrmex + Haidomyrmodes + Haidoterminus. 
 
Group 
Worker 
☿ 
Alate 
♀ 
Dealate 
♀ Male ♂ References 
Haidomyrmecini  x   x   
Engel and Grimaldi 2005; Perrichot 
et al., 2008; Barden and Grimaldi 
2012 
Gerontoformica x x x x  
Barden and Grimaldi 2014; herein 
[Supplementary Info.] 
Zigrasimecia x   x   
Barden and Grimaldi 2013, 
Perrichot 2014 
Camelomecia   x   x Herein [Supplementary Info.] 
Myanmyrma x       Engel and Grimaldi, 2005 
 
 
The presence of dealate females from the Cretaceous is highly significant. In modern 
ants, newly mated queens remove their own wings shortly after the nuptial flight, which 
is a behavior unique to ants and another eusocial group of insects, termites (Isoptera). All 
alate termites shed their wings along a weak suture at the base of the wing, save one: the 
most basal living species Mastotermes darwiniensis, which chews off its hind wings the 
way alate ant queens do with both wing pairs. Also, many modern ants exhibit claustral 
founding, where a queen sequesters herself in a cavity and raises an initial generation of 
workers rather than foraging herself, sustained by metabolizing her highly developed 
flight muscles (e.g., Keller et al., 2012). In Haidomyrmex, Gerontoformica, and 
Zigrasimecia (Cretaceous genera where queens are known), such metabolic stores appear 
absent as there is very little dimorphism in thoracic proportions between the queens and 
workers (Perrichot et al., 2008; Barden and Grimaldi 2013; Perrichot 2014; herein, 
Supplemental Figs. 1-2]. This also explains why three dealate females (founding queens) 
in three genera were captured in Burmese amber: these queens were initially foraging 
while founding their colony; they were not cloistered. Among the tens-of-thousands of 
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ant specimens reported and known in major museum collections of Baltic and Dominican 
amber (mostly workers and males of modern genera, but also including rare alate 
queens), there are no dealate queens. Foraging by founding queens was probably typical 
of Cretaceous ants.  
It must be noted that Wilson (1987) proposed that lithified Cretaceous fossils of 
winged aculeates, described by Dlussky (1983) as a formicid family, the Armaniidae, are 
the queens of Sphecomyrma and Cretomyrma ants, genera which are known as wingless 
females in Canadian, New Jersey, and Siberian amber. He inferred this based on gaster 
proportions; although not discussed, the wing venation of Armaniidae is very similar to 
that of male Sphecomyrma (Grimaldi et al., 1997). However, armaniids have a distinctly 
thicker petiole, and our results presented here based on finely preserved, uncompressed 
specimens in amber reveal virtually no dimorphism between queen and worker ants from 
the Cretaceous. Thus, Armaniidae appear to be a lineage distinct from true Formicidae.  
 
Behavioral evidence for sociality. 
Very rare examples preserve behavioral evidence for sociality in four species of 
Gerontoformica ants in Burmese amber. Three pieces of amber contain assemblages of 
worker ants. The head-gaster orientations of all individual ants were measured, to test for 
directionality and positional patterns of the ants in each piece (Figs. 1-2; Supplementary 
Fig 3; details provided in Supplementary Information).  
• Specimen JZC Bu1814 is a flattened piece of transparent amber that contains six 
workers of Gerontoformica spiralis.  
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• Specimen JZC Bu116 is large, fractured, and turbid, which contains 11 
Gerontoformica spiralis workers and one worker of Haidomyrmex zigrasi. The piece is 
broken into two sections (A, B), portions of which were lost, so this assemblage may 
have been larger (detailed descriptions in Supplemental Information). Both sections were 
CT-scanned for 3-d rendering of the ants and as well as a roach and the remains of a 
spirobolidan millipede. 
• Specimen JZC Bu1645 is a narrow but broad piece of dark amber containing 21 ants 
constituting three species of Gerontoformica (G. orientalis, G. contegus, G robustus). 
Although there are three distinct groupings of workers, the groupings do not appear to be 
species specific, nor are there signs of fighting and aggression in this assemblage [but see 
piece JZC Bu1646]. 
Individual ants are very rare in the Cretaceous (Grimaldi et al., 2000; Grimaldi and 
Nascimbene 2010; Perrichot et al., 2010; LaPolla et al., 2013). The probability of finding 
an assemblage of conspecific worker ants in Burmese amber based on chance alone is 
astronomically remote; in the case of amber piece JZC Bu116 we calculated it as  
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Figure 1. Social assemblages of Cretaceous worker ants. A. Photomicrograph of entire 
piece of JZC Bu1814, with detailed views of its six workers of Gerontoformica spiralis 
(Barden and Grimaldi) The 0o to 180o axis was used to measure orientations of the ants. 
B. JZC Bu188 sections A and B, containing 12 worker ants. Left: photomicrographs of 
entire piece. Right: CT scans, with the 10 Gerontoformica spiralis workers in orange, and 
one Haidomyrmex zigrasi Barden and Grimaldi in blue (one G. spiralis worker was not 
recovered by X-ray imaging), red arrows indicate direction of thorax. The large insect is a 
roach. Scale bars equal to 1.0 mm unless otherwise noted. 
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Figure 2. Large assemblage of Cretaceous worker ants, comprising three species. 
Photomicrograph of entire piece of JZC Bu1645, containing 21 worker ants of 
Gerontoformica orientalis (Engel and Grimaldi), G. contegus (Barden and Grimaldi), and 
G.robustus (Barden and Grimaldi), with detailed views of worker aggregations. Scale 
bars equal to 1.0 mm unless otherwise noted. 
 
 
approximately 3.1 x 10-16 (see Supplementary Information). Clearly there is a biological 
explanation for these assemblages, for which there are three possibilities: (1) These ants 
are non-social and they are merely aggregating at a common food source. The finding of 
two species of ants in Bu116 (an individual of Haidomyrmex scimitarus and 11 
Gerontoformica spiralis), together with a large roach, suggests that attraction to prey item 
may have had some effect. This explanation may pertain as well to piece JZC Bu1646, 
although it contains no large, potential prey. However, there are 21 named species of ants 
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in Burmese amber (plus several additional, new ones [Grimaldi and Barden, unpubl.]), so 
the probability is even more remote that many individuals in two of these pieces, and all 
individuals in piece JZC Bu1814, are conspecific, unless sociality was involved. (2) The 
ants were social, and the resin captured them near a nesting site. There is no evidence for 
this, although in extraordinary circumstances rare pieces of abundant Dominican and 
Baltic amber are found that contain workers with or even carrying their brood. (3) The 
ants were social and were engaging in recruitment foraging. There is some evidence for 
this in piece Bu116, since it contains a large roach (12.5 mm body length) with 9 ants 
close by (within 4 ant-body lengths), as well as the remains of a large spirobolidan 
millipede. Piece 1814 has no obvious prey item, though commercial processing 
(trimming, grinding, polishing) of Burmese amber may have obliterated any traces of 
one.  
It is commonly thought that primitive or basal species of living ants are solitary 
hunters, but, in fact, some use group recruitment in attacking and retrieving large prey 
(e.g., Amblyopone sp. [Ito, 1993]), as well as in prey searches (e.g., Leptogenys nitida 
[Duncan and Crewe, 1994]). Hunting recruits in these species usually form a procession, 
but in amber pieces JZC Bu116, Bu1645, and Bu1814 there appears to be no regular 
orientation of the individual ants. This is inconclusive as the lack of an orientation pattern 
could be due either to the possibility that Gerontoformica did not form hunting 
processions (e.g., they did not use trail pheromones), or the flowing resin mixed the 
original arrangement of workers. 
• A fourth and very remarkable piece of Burmese amber (JZC Bu1646) contains two 
worker ants captured while fighting, one Gerontoformica tendir (specimen A) and one 
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Gerontoformica spiralis (specimen B) (Fig. 3). Ant A is approximately 84% the size of 
B, and has its mandibles closed around the base of B’s right antenna; B has its mandibles 
closed around the right tarsus of A. Ant A is missing part of its left antenna; ant B is 
missing the distal half of its right antenna and the postfemoral portion of the left proleg. 
Interspecific aggression is unknown among females of solitary aculeates, but ants are 
notorious for warfare, typically fighting by grasping the antennae and legs of opponents. 
There is a spectrum of intra- and interspecific aggression of ants, ranging from protection 
of the nest (in virtually all species), to protection of the nest and food supply; to 
aggressive exclusion of any invaders within the foraging territory (Hölldobler and 
Wilson, 1990). Mortal combat by ant workers is common, explained on the basis that the 
deaths of sterile individuals represent “only an energy and labor deficit” (Hölldobler and 
Wilson, 1990: p. 400), not a diminishment of reproductive capacity (Porter and 
Jorgensen, 1981; Schmid-Hempel and Schmid-Hempel, 1984).  
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Figure 3. Workers of two species of Gerontoformica in Burmese amber, G. tendir 
(Barden and Grimaldi) and G. spiralis. captured while fighting. Specimen JZC 
Bu1646 A. Photomicrograph of entire specimens. B. Photomicrographic detail of 
interaction. C. Illustration of anterior portion of specimens, clarifying positions of 
appendages.  
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Systematics 
 
 Genus Gerontoformica Nel & Perrault 
 Gerontoformica Nel & Perrault, 2004: pg. 24 Type species: G. cretacica Nel & 
Perrault, by original designation. In Albian-aged amber from France. 
 Sphecomyrmodes Grimaldi & Engel, 2005: pg. 5. Type species: Sphecomyrmodes 
orientalis, by original designation. In Burmese amber. NEW SYNONYMY. 
 
Diagnosis (emended):  Distinguished from other Cretaceous genera by the presence of an 
uninterrupted row of peg-like denticles on the anterior margin of the clypeus; mandibles 
falcate, with one large apical tooth and one preapical tooth; labrum without denticles. 
The revised diagnosis and new generic synonymy is based on re-examination by one 
of us (P.B.) of the type specimen, officially housed at the National Museum of Natural 
History, Paris. The original description of G. cretacica reports peg-like teeth on the 
labrum, but which actually occur on the clypeus. Also, the antenna is distorted, giving the 
false appearance of an elongate scape. Finally, the apparent lack of a sting in the type 
specimen can be attributed to preservation, as other major features (dorsal mesosomal 
sclerites) are missing. Species formerly placed in Sphecomyrmodes (Grimaldi and Engel, 
2005; Barden and Grimaldi, 2014) are now placed in Gerontoformica (see Supplemental 
Information for all new combinations). 
 
Camelomecia Barden and Grimaldi, New Genus, Supplemental Figure 4 
 
Diagnosis (gyne): Based on alate specimen. A unique morphotype with affinities to 
Zigrasimecia and Gerontoformica based on cranial and mandibular sculpturing. Head 
broad posteriorly, narrowed sharply at anterior margin of eyes and antennal sockets. 
Antenna with 12 segments, scape short; flagellomeres narrow at base, most broadened 
apically with inner pointed lobe. Gena with V-shaped incision accomodating lateral 
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articulation of mandible. Mandible broad, cup-like (mesally concave), with anterior 
margin of inner surface with rows of dense, scale-like setae. Frontal lobe originating 
medially near antennal sockets, bifurcating into two distinct ridges leading to anterior 
margin of head, flanking the clypeus base. Labrum a tongue-like sclerite between 
mandibles, margin rimmed with fine setae. Eyes and ocelli well developed. Anterior 
margin of pronotum uniquely with collar of dense, fine pilosity. Petiole pedunculate, 
broadly attached to gaster. 
Species: C. perplexa, new species [See Supplemental Information for detailed 
description]. 
Etymology: Derived directly from camel, referring to the head in profile; and -mecia, a 
common suffix in ant generic names derived from Greek.  
   
Diverse Cretaceous stem-group ant lineages. 
We analyzed the phylogenetic positions of nine Cretaceous genera, using exemplars 
from 12 of the best-preserved species, along with exemplars of 24 living species in most 
major living subfamilies (Supplementary Information), employing a parsimony-based 
analysis of 42 morphological characters. In all phylogenetic analyses, regardless of 
weighting, sphecomyrmines were recovered outside of crown-group ants, while 
Brownimecia (from the Late Cretaceous of New Jersey) was recovered either among a 
polytomy of living subfamilies or as the sister to all modern ants. Weighted analyses 
yield a paraphyletic grade of Cretaceous taxa at the base of the Formicidae, a finding 
consistent with a stem-group relationship (Fig. 4). The placement of haidomyrmecines – 
the bizarre, tusk-jawed ants – as sister to all remaining ants is novel and largely based on 
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mesosoma structure as well as head orientation and attachment. Monophyly of the three 
genera and five described species of haidomyrmecines is indisputable, based on their 
unique mandible and head structure. Sphecomyrminae were formerly defined by the short 
antennal scape (Bolton 2003), but this is a plesiomorphic character widespread in 
aculeate wasps and lost in the haidomyrmecine Haidoterminus cippus. Brownimecia 
clavata possesses a long scape, as well as a metanotal groove, which are features of 
modern ants. Even though the metanotum is obvious as a well-developed dorsal sclerite 
in most aculeates and in stem-group ants, great reduction to a narrow groove, or entire 
loss, is a striking but overlooked synapomorphy of crown-group ants. Monophyly of a 
group comprised of the Cretaceous genera Gerontoformica + Myanmyrma + 
Zigrasimecia is based on the distinctive bidentate mandibles and long comb of pegs on 
the oral margin of the clypeus, but this grouping is weakly supported.  
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Figure 4. Preferred time-scaled consensus cladogram of Cretaceous and exemplar 
extant ants. Based on a parsimony-based analysis of 42 morphological characters using 
implied weigthing (K= 6.875) and a crown-group topology constrained by Brady et al., 
(2006). Branch lengths do not necessarily correspond to actual diversification times, 
although the earliest divergences are constrained not to exceed the age of the earliest 
aculeates (Bethylonymidae) in the very late Jurassic (Grimaldi and Engel, 2005). Node 
values represent bootstrap support measures. See Supplementary Information for details 
of analytical procedures and results. 
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Body proportions of Cretaceous ant workers indicate that these stem-group ants were 
diverse and morphologically similar to modern ant workers. We sampled 107 species 
accross 96 genera and all 16 extant subfamilies, measuring head and body proportions. 
Our sampling deliberately included extant extremes, such as the largest (Dinoponera: ~3 
cm total length) to smallest (Carabara: ~1.3 mm) living ants. Cretaceous ants are 
represented by 19 species in 5 genera (Haidomyrmex, Haidomyrmodes, Gerontoformica, 
Sphecomyrma, Zigrasimecia). A principal components analysis (PCA) identified two 
factors explaining nearly all variance: overall size and degree of head and body 
elongation (Fig. 5). The morphospace of Cretaceous ants lies entirely within that of the 
modern species. Remarkably, even though species diversity of modern ants is nearly 
three orders of magnitude greater than that of the known Cretaceous ants, size and 
elongational morphospace of Cretaceous taxa occupies 10% that of living taxa (23% of 
the size diversity and 29% of the degree of elongation), which is a substantial 
underestimate, for three reasons. 1. Ants in Cretaceous amber are known from five 
Laurasian localities only; 2. Preservation in amber biases against capture of larger 
specimens; 3. Our PCA does not measure various other adaptive features, such as discrete 
traits and mouthpart structure. Stem-group ants represent an extinct adaptive ant 
radiation, ranging from tiny, stout Zigrasimecia (2 mm body length) with short, setose 
mandibles; the bulky Gerontoformica magnus (8.5 mm), built like some modern 
poneromorphs; to the slender, long-legged Gerontoformica gracilis and Myanmyrma 
gracilis, which were built like modern spider ants (Leptomyrmex) and weaver ants 
(Oecophylla). Perhaps the most striking aspect of stem-group ants and, yet difficult to 
quantify, is the assortment of mandibular structures (Fig. 5, Supplemental Figs. 4-5). In 
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the case of haidomyrmecine species, there are no modern analogues among modern 
insect taxa, and the feeding modes of Zigrasimecia and Camelomecia defy explanation. 
 
Figure 5. Principal Components Analysis plot of exemplar living and Cretaceous 
ants. Generated by PCA analysis of four body proportions of 107 living species in 96 
genera, and 19 Cretaceous species in five genera. For data and analyses see 
Supplementary Information. Dashed and dotted lines circumscribe living and Cretaceous 
morphospace, respectively. Body shapes and sizes of 6 living and extinct exemplar 
species are presented in same scale, with the exception of Carebara and Zigrasimecia 
(which are greatly enlarged for better viewing). 
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Conclusions 
Ants in Burmese amber reveal that queens were barely differentiated from workers 
beyond the development of wings, and dealate foundresses appear to have foraged, both 
of these presumed primitive social features. They probably formed small colonies of 
several dozen uniform individuals, and were flexible in reproductive capacity among 
female nest mates, similar to the most basal living ants such as amblyoponines and other 
poneromorphs (Ito 1993; Peeters 1997). Social hierarchy is plastic in ants with small 
colonies (generally <100 individuals), such as Harpegnathos, where workers retain the 
ability to reproduce and are morphologically very similar to founding queens (Peeters 
2000). This contrasts with highly social taxa living in huge colonies (>100,000 
individuals), such as Atta leaf-cutter ants and Eciton army ants, in which the dimorphism 
between reproductives and workers (and even among workers, such as soldiers) is 
profound. Still, these Cretaceous colonies were well developed enough to form 
aggregations and apparently coordinate in foraging, as well as aggressively engage other 
ants. One lineage, the haidomyrmecines, ranged from what is now western France to 
southeast Asia and western Canada, and were clearly a Cretaceous alalog of modern trap-
jawed ants. Other stem-group lineages were apparently more geographically restricted 
but strikingly diverse. 
Although there is a 15-20 my gap surrounding the K-Pg boundary for ant fossils, we 
surmise that the absence of stem-groups ants in the Cenozoic represents definitive 
absence after this boundary. Why did these successful, social lineages become extinct? 
The bulk of ant biomass today is dominated by groups like dolichoderines, dorylines, 
  132 
formicines, and myrmecines (Ward 2014), many of which form large to massive colonies 
with extreme caste specialization. The Early Paleogene radiation of modern ant lineages 
probably ecologically overwhelmed Cretaceous stem-groups, consistent with Wilson and 
Holldobler’s (2005) concept of “dynastic succession.” But many poneromorphs today 
live in small colonies, and like Harpegnathos they coexist amongst the dominant groups 
of ants, so extinction of the Cretaceous stem group ants may include other factors. 
Exploration for ant fossils around the critical 15-20 my gap straddling the K-Pg boundary 
may clarify patterns of ant extinction and modern radiation.  
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Supplemental Information 
Methodology 
Phylogenetic analysis 
We assembled a morphological matrix with special consideration to avoid including 
characters known to be homoplastic within crown-group ants; some characters were 
recrafted from Grimaldi et al. (1997) and Keller (2011). A total of forty-one taxa were 
represented by forty-two morphological characters scored from traditional light 
microscopy, descriptions, and high-resolution CT-scan reconstructions. Numerous sister 
groups have been proposed for ants. To accommodate this ambiguity, included in the 
taxonomic sampling were five outgroup representatives from vespoid relatives. They 
include members of the families Scoliidae, Bradynobaenidae, Heterogynaidae, and 
Sphecidae. The latter two groups reflect the recent hypothesis that Apoidea is sister to 
Formicidae (Johnson et al., 2013). Seven putative stem-group Cretaceous species and 
genera were included to explore their position relative to modern ant groups. Excluded 
from the analysis were very poorly preserved specimens as well as additional species of 
genera already represented and known to vary primarily with features that are highly 
homoplastic within crown group ants (i.e. pilosity, sculpturing, head and body shape). 
Twenty-four crown-group ant species were included to represent all major modern 
subfamilies, with a slight overrepresentation toward basal lineages. Included in the 
crown-group sampling to evaluate fossil reliability was a single undisputed crown-group 
fossil from the Cretaceous, Kyromyrma neffi (Late Cretaceous of New Jersey). This fossil 
possesses a complex derived feature known as an acidopore, a synapomorphy of the 
subfamily Formicinae. 
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Because worker ants are most often recovered in amber, and modern taxonomy is 
based largely on workers, we chose to focus the character matrix on the morphology of 
wingless, female ants. The comparison of apterous worker castes and winged females of 
non-social outgroups may appear problematic. However, some fossil taxa are known 
from reproductive and worker castes, and in the cases of Haidomyrmex, Haidomyrmodes, 
and Zigrasimecia where alate and worker females are known, there appears to be very 
little morphological differentiation between worker and reproductive even at the generic 
level. This is also the case in a single, putative Gerontoformica alate presented herein. 
Thus, in the absence of wing venation characters, the comparisons made here are 
appropriate. 
The dataset was analyzed under parsimony with TNT v. 1.1 (Goloboff et al. 2008a) 
under a variety of conditions to explore the sensitivity of novel hypotheses to search 
parameters. We performed searches under both equal- and implied-weighting as in 
Goloboff (1993). It has been shown that weighting against homoplastic characters can 
lead to more stable topologies and improved resampling support (Goloboff et al. 2008b). 
Implied-weighting procedures involve assigning an a priori constant of concavity (K 
value), therefore the TNT setk.run script, developed by Salvador Arias, was utilized to 
identify the most appropriate K value through the formula suggested by Goloboff et al. 
(2008b). A value of 6.875 was returned and subseqeuently implemented in implied 
weighting runs. To incorporate hypotheses generated from molecular phylogenetics, the 
topology of crown-group ants was constrained in some searches to reflect the subfamilial 
relationships known from Brady et al. (2006). In these instances, well-supported 
relationships among living subfamilies were enforced rendering a static, monophyletic 
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crown-group. This constraint was only enforced after weighted and unweighted 
unconstrained analyses found that Cretaceous ants were not recovered inside the clade of 
crown-group Formicidae. A total of four search protocols were implemented comprising 
constrained and unconstrained analyses for both weighting regimes (unweighted; 
K=6.875). Regardless of weight or constraints, all heuristic searches were performed 
using the xmult command in TNT with sectorial searches, drifiting, fusing, and ratchet 
functions until the best score was located 20 times. Nodes were evaluated with Bremer 
supports and bootstrap resampling (1000 pseudoreplicates).  
In no unconstrained analyses were sphecomyrmine ants placed among crown-group 
members. Both unweighted analyses found sphecomyrmine terminals recovered as a 
polytomy along with the branch leading to modern ants. Brownimecia is recovered as 
sister to all ants in all weighted, unconstrained analyses; however it occurs among a basal 
polytomy of modern subfamilies in the unweighted, unconstrained analysis. Weighted 
search protocols yielded a grade of stem-group Cretaceous genera at the base of the ant 
tree, regardless of specific weight regime or topology constraint. Weighting protocols 
also recovered Haidomyrmecini as sister to all other ants. The positions of 
Gerontoformica, Sphecomyrma, and Zigrasimecia were somewhat variable, although the 
placements of the Haidomyrmecini and Brownimecia were fairly constant. A preferred 
weighted (K=6.875) and constrained tree was selected based on a low homoplasy index 
and congruence with molecular hypotheses. Unconstrained topologies resulted in 
incongruence with previous molecular results, particularly with regard to the polarity of 
the tree.  
Morphometrics 
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To create temporal comparisons of morphospace, we generated a morphometric 
dataset of extant and stem-group worker ants comprising approximately 1400 individual 
measurements. Four measurements of each specimen were taken utilizing museum 
specimens, descriptions, and AntWeb: Head Length (HL) measured medially in frontal 
view; Head Width (HW) measured at it’s greatest in frontal view (excluding outer 
margins of eyes); Mesosoma Length (MsL) also known as Weber’s length, taken in 
lateral view from the anterodorsal-most point of the pronotum (excluding any collar) to 
the posteroventral-most point of the propodeum; Mesosoma Height (MsH) taken in 
lateral view from the ventral-most point of the propleuron to the dorsal-most margin of 
the pronotum. These measurements, while certainly excluding some morphological 
diversity, were selected to best allow for direct comparison of basic body shape between 
fossil and extant taxa. This is particularly important in fossil specimens with limited 
viewing angles or distortion. All sixteen subfamilies and 96 extant genera were sampled 
totaling 107 crown ant morphotypes. Included were three instances of multiple castes 
within the same species and eight instances of multiple species within a genus. 
Taxonomic sampling of extant morphospace will not be exhaustive, but rather is largely 
meant to capture the extremes and boundaries in morphospace for comparison. Five 
sphecomyrmine genera were included totaling 18 morphotypes (equal to species). Some 
taxa were not included due to degradation or visual impediments preventing reliable 
measurement. In all possible cases, three specimens were measured and a mean was 
generated for each morphotype. Means were then concatenated and transformed utilizing 
a principal components analysis implemented in R (Team R.C. 2012). Principal 
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component 1 (general body size) and principal component 2 (degree of body/head 
elongation) explained 96% and 3% of the variance, respectively. 
 
Imaging Protocols 
CT scanning took place at the American Museum of Natural History and the Cornell 
Biotechnology Resource Center Imaging Facility. 
American Museum of Natural History 
Specimens were scanned utilizing a General Electric Phoenix vtomex s, which has 
both 180 and 240kV x-ray tubes. Tube voltage and current were set according to each 
individual specimen to maximize refraction between amber matrix and insect inclusions. 
Amber fossils were mounted atop a custom chuck allowing for a precise center of 
rotation. Subsequent 2-dimensional x-ray images were then transformed into projected Z-
stacks utilizing the program phoenix datos|x reconstruction v2.2.1 RTM. Z-stacks were 
imported into VGStudio Max (64-bit v2.2.2.62189) for rendering and analysis. In some 
cases, multiple scans were taken of single specimens and stitched together using ImageJ 
v1.48 (Rasband 1997-2014). 
Cornell Biotechnology Resource Center Imaging Facility  
Scans were performed with a Zeiss VERSA XRM-520 utilizing a variety of specimen 
dependent voltage, current, and exposure settings. Resulting TIFF stacks were then 
rendered and analyzed in OsiriX (64 bit v5.5) and Avizo 8.0 (VSG). 
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Morphological Characters 
 
1. Orientation of head: 0) hypognathous 1) prognathous. 
a. Axial position of head. Hypognathous with the head vertical and ventrally 
positioned mouthparts; prognathous with the head horizontal and 
anteriorly facing mouthparts. 
2. Mandibular orientation: 0) parallel to axial plane of head 1) perpendicular to 
axial plane of head. 
a. In which plane the mandibles primarily maneuver. While all known 
modern ants possess mandibles that maneuver in a horizontal plane, there 
is evidence that ants within the tribe Haidomyrmicini articulated their 
mandibles vertically. 
3. Anterior margin of clypeus with row of peg-likedenticles: 0) absent 1) present. 
a. Short, peg-like setae present along the anterior margin of the clypeus. 
There is considerable variation in the structure of these setae among extant 
amblyponine species, particularly with regard to their apices (flattened, 
sheer angled face, sharp). There is no apparent variation among 
Cretaceous species that possess this feature. 
4. Labral pegs: 0) absent 1) present. 
a. Stout setae exhibited along the exposed anterior labral surface. Such setae 
are present in some extant amblyoponine species, as well as the 
Cretaceous genus Zigrasimecia.  
5. Clypeus development: 0) highly reduced 1) a clearly visible sclerite 2) extending 
to vertex of head. 
a. The size and degree of clypeal development. Highly reduced indicating 
the clypeus does not appear visible in frontal view, often in cases where 
the antennal sockets are abutting the anterior margin of the head. This is 
the case in some extant taxa including Martialis and Proceratiinae.  
6. Clypeal suture syndrome: 0) clypeal sulci absent 1) highly reduced 2) 
developed.  
a. In reference to sulci, the overall development of the posterior and lateral 
clypeal margins. Absent refers to completely obliterated or smooth 
margins; reduced refers to faint outlines, developed as clear depressed 
demarcations but without a distinct sulcus.  
7. Position of antennal sockets: 0) posterior to clypeus 1) anterior. 
a. Position of antennal sockets with reference to median portion of posterior 
clypeal margin.  
8. Clypeal process: 0 absent 1) present. 
a. A distinct protrusion not associated with the antenna as in the case of a 
frontal lobe. Often setose and with a sheer anterior face. A defining 
character of the Haidomyrmecini 
9. Torulus syndrome: 0) torular sclerite not visibly raised 1) developed as shield 
covering antennal base 2) developed and fused with frontal lobe.  
a. The development of the torulli. The fusion of the torulus and frontal lobe 
is considered to be a synapomorphy of ponerine ants (Keller 2011). 
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10. Frontal lobe: 0) absent 1) single lobe not derived from frontal carina 2) present 
and bilobed 3) originating as broad and bifurcating. 
a. A medial lobe present between the antennal sockets. The state “broad 
form” refers to a raised medial process between antennal sockets, 
apparently resulting from dorsal expansion of the head capsule, not 
associated with development of the frontal carina, although the frontal 
carina may abut this feature. States two and three correspond with the 
dorsolateral expansion of the frontal carina (from Keller, 2011). State 3 
with frontal lobe splitting into two distinct ridges surrounding clypeus as 
in Camelomecia. 
11. Frontal lobe syndrome: 0) bulbous 1) pinched in posteriorly  
a. Overall shape of the frontal lobe. While most frontal lobes are anteriorly 
situated, a posteriorly narrowed state is thought to be a synapomorphy of 
Ponerinae + Paraponerinae + Amblyoponinae (the relationship among 
these three families still not clear). 
12. Scape length: 0) equal to all other flagelomeres individually 1) larger than any 
other antennal segments but less than 0.25x antenna length 2) greater than 0.25x 
total antenna length. 
a. The proportion of the scape relative to total antenna length. 
13. Antennal segments: Continuous character. 
a. The total number of antennal segments comprising the antenna. A 
continuous character state ranging from 7 to 13 for included taxa.  
14. Ocelli: 0) absent 1) present. 
a. The presence of simple eye structures on the head vertex. These can be 
quite variable in size. 
15. Compound eye: 0) absent 1) present as single ommatidium 2) present as 
compound facets.. 
a. Laterally positioned visual organ. Apparently single ommatidium 
condition is the result of secondary fusion of ommatidia, although the 
structure acts like a single lens or ocellus. 
16. Development of posterior portion of pronotum: 0) narrow strip 1) developed. 
a. The degree of pronotal development in the posterior axis. State zero 
indicates the mesonotum comprises most of the anterior thoracic region, 
state one reflects a pronotum that extends posteriad. Outgroup taxa 
possess highly a developed mesonotal sclerite, presumably associated with 
flight. 
17. Pronotal lobe: 0) absent 1) present. 
a. Pronotum with or without a rounded lobe visible in lateral view along 
posterior margin. This lobe jutting into the mesopleuron - a key feature of 
Apoidea. (To improve and test out-group relationships). 
18. Propleuron: 0) reduced, not visible in lateral view 1) developed, visible in lateral 
view. 
a. Development of propleuron, reflected in visibility from lateral view.  
19. Pro-mesonotal suture: 0) absent 1) present and flexible (articulating) 2) present 
and rigid (not articulating). 
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a. The state of the promesonotal suture, best viewed in lateral view. 
20. Metanotum: 0) Distinct sclerite 1) reduced to a groove 2) obliterated. 
a. The development of the metanotum, visible in lateral or from dorsal view. 
Nearly all described Cretaceous and out-group taxa possess a distinct 
metanotal sclerite, this is not the case in modern ants. In extant species, the 
metanotum may be a vestigial narrow groove (called the metanotal 
groove) or obliterated entirely. 
21. Propodeal suture: 0) absent 1) present. 
a. The presence of an anterior propodeal suture in lateral view. 
22. Mesopleural sutures: 0) absent/obliterated 1) anterior suture present only 2) 
posterior suture present only 3) both sutures present. 
a. Degree to which the mesopleuron is guarded both anteriorly and 
posteriorly by distinct sutures. 
23. Metapleural gland: 0) absent 1) present. 
a. Presence of a distinct gland, with an opening present on the posterior 
portion of the mesopleuron. 
24. Trochantellus: 0) absent 1) present. 
a. A “sub-segment” with a faint sulcus between the trochanter and the femur, 
which is actually part of the femur. 
25. Pretarsal claw: 0) simple 1) with subapical tooth 2) pectinate 3) with basal tooth 
a. Pretarsal claw state (Latter two states from Keller 2011). 
26. Petiole: 0) absent 1) present. 
a. The second abdominal segment modified as a node-like waist segment. 
27. Petiole peduncle: 0) absent 1) present. 
a. Peduncle defined as an anteriorly narrowed region of the petiole. 
28. Petiole development: 0) no dorsal expansion, cylindriform 1) gradually sloped, 
rounded dorsally, dome-shaped 2) anteroposteriorly flattened, tall and broad 3) 
narrowed anteroposteriad into a scale-like structure. 
a. Overall shape of the petiole node as it expands in height. 
29. Posterior face of petiole: 0) narrowed 1) broadly attached to gaster. 
a. Posterior margin of petiole. State zero indicates a narrowing before its 
connection to the gaster; state one reflects a broad attachment at the 
greatest petiole height. 
30. Petiole fusion: 0) fused tergosternally 1) no fusion, suture visible. 
a. Presence of a suture along medial axis of petiole when viewed laterally. 
31. Helcium: 0) concealed 1) exposed, extends to reach petiole. 
a. The presclerite of abdominal segment two (either as postpetiole or gaster 
segment one). 
32. Third abdominal segment: 0) first gastral segment 1) postpetiole present. 
a. Condition of the third abdominal segment. In ants the “gaster” begins at 
the third proper abdominal segment; however, in some groups such as 
myrmecines, the third segment is developed into a second petiolar node. 
33. Sternal projection on abdominal segment 3: 0) absent 1) present. 
a. A ventral projection found just below the attachment point of the petiole to 
abdominal segment 3 (either as postpetiole or gaster segment one) 
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34. Constriction between abdominal segments 3 and 4 (not postpetiole): 0) absent 
1) present dorsally 2) present ventrally 3) present dorsally and ventrally. 
a. A brief, narrowed region between the third and fourth abdominal 
segments. 
35. Abdominal segments 3 and 4: 0) tergosternally fused 1) no such fusion 2) 2+3 
fused 3) Only 3 fused. 
a. The presence of a suture between the gastral tergites and sternites. State 
two specific to Anomalomyrma. State three specific to Apomyrma. 
36. Sting: 0) absent 1) present. 
37. Acidopore: 0) absent 1) present. 
38. Clypeal denticle structure: 0) largely subcuticular 1) extending well outside of 
cuticle with tapered apex 2) extending well outside of cuticle with flattened apex. 
a. In some amblyoponine ants, the clypeal setae are largely subcuticular, 
with only their very apex impacting the surface of the cuticle: this gives 
the appearance of a clypeus made dentiform by cuticular sculputuring. In 
most extant and all Cretaceous species, clypeal setae are well developed 
and are entirely external. 
39. Metapleural gland opening: 0) gaping 1) opening a narrow slit. 
a. Variation in the overall size and shape of the metapleural gland opening. 
40. Frontal carina: 0) absent 1) longitudinal sculpturing leading from the clypeus 
posteriad 2) circular sculpturing leading around antennal base. 
b. A pair of ridges found between the antennae. 
41. Pygidial teeth: 0) absent 1) present 
a. Pygidium armed with teeth-like setae posteriorly. 
42. Mandibular shape: 0) sythe-like with single apical tooth 1) simple with bidentate 
apex 2) sythe-like with multiple teeth 3) broad, flattened apex 4) broad and 
triangular throughout 5) flattened basally with dramatically rounded and pointed 
apical tooth 6) Cup-like with setose inner margin. 
a. Overall shape of mandibles. State 0 without subapical teeth. State 1 may 
possess teeth subapical teeth such as in Opamyrma. States 3 and 4 with no 
regard to teeth present on or near apex. State 4 broad throughout inner margin 
as in Aneuretus. State 5 as in haidomyrmecini. State 6 as in Eqiuvultus. 
 
Descriptions of multiple-ant pieces 
 
JZC Bu1814 (Fig. 1): Piece is a flattened, 40 L x 31 mm W x 8 mm thick, roughly 
triangular, transparent piece of amber, which contains six Gerontoformica spiralis worker 
ants (specimens A to F), none of them dealates. The piece also contains a thin suspension 
of particulate organic debris and organismal inclusions. Among the inclusions are minute 
fragments of wood, disarticulated bits of arthropods, a minute snail with conical whorls 
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and fine striae (located between ants A and B); a scolebythid wasp, wings of two 
specimens of the scorpionfly Parapolycentropus (Mecoptera: Pseudopolycentropodidae), 
an unidentified larva, a small fragment of (scaled) reptile skin, one minute beetle 
(Scydmaenidae), and frass pellets. Interestingly, the apex of the mesosoma on all ant 
specimens is decayed away and separated from the rest of the mesosoma; in three of the 
specimens the detached apex is lying behind or near the ant; in the other three this portion 
is completely lost (indicating some significant post-mortem flow). Two of the workers, D 
and E, lie adjacent to each other. In a tangent lying between the middle of the broad end 
(0°) and the opposite, narrower end (180°), the head-to-gaster positions of the ants are as 
follows: (A) 152°, (B) 187°, (C) 85°, (D) 335°, (E) 335°, (F) 172°. Four of the six 
specimens are directed toward the center of the amber piece, and two of these ants are 
adjacent. There are no obvious flow lines or layers separating specimens, so they all 
appear to have been trapped on the same surface.  
 
JZC Bu116 (Fig. 1, Supplemental Figure 3): This is a large piece of dark, occluded 
amber with 12 worker ants (none are dealates), 11 of them are Gerontoformica spiralis 
(specimens A-J, L) and one Haidomyrmex zigrasi (specimen K). The piece occurs in two 
sections: Section A (roughly drop-shaped) is 66 mm L x 31 mm W (a surface with 6 ants) 
x 30 mm thick (with one ant, specimen F); Section B is roughly trapezoidal with 
proportions 30 mm W (a flat end that had been trimmed and polished) x 32 mm L x 34 
mm along the longest side. The two sections belong to what was obviously an even larger 
piece, as there are sections that would fit along the sides of A and B. Thus, the 12 ants in 
this piece is a minimal number; more may have been preserved in the lost sections. The 
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pieces are shown where the slightly irregular surface of each fits together; this fit is also 
indicated by the position of a calcite seam that continues from one piece into the other. 
Light photomicrography shows the natural colors and surfaces of the amber (Fig. 1, 
bottom left; Supplemental Figure 3); CT scans (Fig. 1, bottom right) were used to map 
the positions and orientations of the ants and several large arthropods that were potential 
prey. The piece is highly occluded with a suspension of organic particles, debris, and 
various arthropods.  
Section A: The core of Section A has a thick, calcite-filled fracture and bark pieces 
running longitudinal to the piece, ending near a fracture that forms a shallow, external 
shelf. It contains 7 ants (specimens A-G). Besides soil particles, frass pellets, plant 
fragments and assorted fragments of bark, the other organismal inclusions are the 
following: 2 Arachnida (1 mite [Acari], 1 ground spider [8 mm body length]; 1 Myripoda 
(Spirobolida); 1 Hymenoptera (family indet.); 7 Diptera: 1 Cecidomyiidae, 2 Empididae, 
3 Sciaroidea, 1 Scatopsidae; 1 Archaeognatha (bristletail), 1 early instar roach 
(Blattodea), 1 early instar earwig (Dermaptera), 1 mite (Acari), 1 Coleoptera 
(Curculionoidea?), 1 Collembola (Sminthuridae), 1 Orthoptera (Tridactylidae). With the 
narrow end of section A as 0° and the middle of the opposite, broader end as 180°, the 
head-mesosomal orientations with respect to this axis as measured in a 2-d projection of 
the piece are the following: (A) 76°, (B) °185, (C) 305°, (D) 76°, (E) 76°, (F) 255°, (G) 
110°.  
Section B: Contains 5 ants, including a specimen of Haidomyrmex (specimens H-L); 
other arthropod inclusions include 3 mites (Acari: Oribatida), 2 partial Archaeognatha, 5 
Coleoptera (3 Ptiliidae, 1 Cucujoidea, 1 partial), 1 Heteroptera (Dipsocoromorpha), 1 
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nymphal plant hopper (Auchenorrhyncha), 1 bark louse (Psocoptera), as well as a large, 
adult roach (12.5 mm body length) that may have been a prey item. There are also several 
large fragments of bark, ca. 6-7 mm length. Head-to-mesosoma orientations of the ants 
were done on two projections of Section B: one a view of the broadest face, and another 
of the end (Supplemental Fig 3). Orientations of the ants from 0° are the following: for 
the broad face: (H) 61°, (I) 180°, (J) 240°, (K) 265°, (L) 315°. For the end-projection: (H) 
0°, (I) 238°, (J) 185°, (K) 161°, (L) 185°. Four specimens (I, J, K, and L) are clustered 
near the roach (2.66, 6.63, 3.97, 8.99 mm respectively), 3 of which are in the same 
orientation (specimens I, J, and K [Haidomyrmex]). Proximity and orientations are 
suggestive of the roach being a potential or actual prey item. Obvious directionality 
would confirm recruitment hunting in the ants, but a lack of directionality is equivocal 
and inconclusive (due possibly to non-behavioral reasons, e.g., effects of resin flows).  
 
JZC Bu1645 (Fig. 2): This is a flattened piece of dark amber 3.7 cm greatest width x 4.0 
cm greatest length x 1.5 cm greatest thickness, filled with over 40 arthropods and a 
suspension of fine to coarse debris. It includes an assemblage of 21 worker ants. 
Scattered densely throughout the piece are many small to large dark, irregular masses, 
within which are sand grains and plant fragments. The irregular masses are probably soil 
and/or humus particles. Some stellate plant trichomes and disarticulated bits of arthropod 
appendages are sparsely scattered throughout. Besides the ants there are at least 20 other 
arthropods, as follows: 9 Sciarioidea Diptera ("fungus gnats" in 3 families); 1 small, early 
instar nymph of Dermaptera (earwigs); 2 Blattodea (roaches; including one entire nymph 
and the legs of a larger specimen); one spiny, early instar nymph of a true bug 
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(Heteroptera); 1 Acari (mite); 1 early instar larva of Raphidioptera (snake flies); two 
Collembola (spring tails); one early instar nymph of Grylloidea (crickets); one early 
instar Polyxonida millipede; and a portion of what appears to be a scorpion tail (three 
segments). There is also a bud-like structure, 4 x 13 mm, which appears to be the rolled-
up wing of an adult roach (Blattodea). The presence of the dermapteran nymph, roaches, 
collembolans, millipede, and humus/soil masses indicate that the resin was formed or 
deposited on or near the ground. 
The piece has three layers, each layer comprised of approximately 5 mm of clear dark 
amber, with two thin boundary layers between them. Most of the humus particles lie on 
the boundary layers. Layer three is the smallest in area, lying as a small mound on layer 
two; layer one comprises the broadest surface of the piece. Ants are embedded within all 
three layers, although there are groups of ants that correspond to different layers. It is 
difficult to know if the time between layers (resin flows) is on the scale of hours or days. 
There are 21 worker ants (labelled A through U), all except four of which are 
completely preserved or nearly so. Depth of amber, position of the ant, and partial 
preservation obscures detailed observation of many ants, but otherwise all of them appear 
to be workers, none appear to be dealates. Based on visible body size and proportions, 
they belong to three species genus of Gerontoformica (G. orientalis [Engel and 
Grimaldi], G. contegus [Barden and Grimaldi], G robustus [Barden and Grimaldi]). It is 
not possible to confidently identify all inclusions to species, however it appears that most 
are G. orientalis. There are three groups of ants, separated by layers and distance: Group 
1 is comprised of 7 ants (specimens A to G), all lying near one edge of layer one; Group 
2 is comprised of just three ants, lying in layer two, near a distant edge; and Group 3 is 
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comprised of 11 ants (ants H, L through U), all embedded within layer three. Moreover, 
specimens in Group 1 are aggregated into an area ca. 23 x 11 mm, separated by about 11 
mm from Groups 2+3 (ants of which are aggregated into an area ca. 27 x 20 mm). There 
appears to be no directionality among the ants in Groups 1 or 2; in Group 3 six of the 11 
ants are pointing "north" or near-north (0o), though the others show little directionality. 
Directions of the head-gaster body orientation of all ants are the following: ant A 
130˚; B 215˚; C 50˚; D 90˚; E 325˚; F 180˚; G 70˚; H 210˚; I 20˚; J 20˚; K 155˚; L 170˚; 
M 5˚; N 355˚; O 85˚; P 305˚; Q 255˚; R 50˚; S 90˚; T 0˚; U 0˚. 
 
Expanded Discussion of Multi-Ant Assemblages 
The only unbiased record of ant abundance in Burmese amber is from a large, 75 kg 
supply of rough, unpolished and unscreened Burmese amber (Grimaldi et al., 2002), 
which generated 3100 inclusions of terrestrial arthropods. Among these were two ants, 
each of a different species. The probability of finding an ant in Burmese amber, based on 
this sample, is approximately 3 x 10-3. Pieces JZC Bu116 and JZC Bu1814, however, 
contain 12 and 6 ants, respectively (11 of the 12 in Bu116 are conspecifics). Therefore, 
the probability of finding an assemblage of conspecific worker ants based on chance 
alone is astronomically remote; in the case of amber piece JZC Bu116 approximately 3.1 
x 10-16. Clearly there is a biological explanation for these assemblages, for which there 
are three possibilities: 1. These ants are non-social and they are merely aggregating at a 
common food source. The finding of two species of ants in Bu116 (an individual of 
Haidomyrmex scimitarus and 11 Gerontoformica spiralis), together with a large roach, 
suggests that attraction to prey item may have had some effect. However, there are 16 
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named species of ants in Burmese amber (plus several additional, new ones [Grimaldi 
and Barden, unpubl.]), so the probability is even more remote that virtually all individuals 
in these two aggregations be conspecifics, unless sociality was involved. 2. The ants were 
social, and the resin captured them near a nesting site. There is no evidence for this, and 
in extraordinary circumstances rare pieces of Dominican and Baltic amber are found that 
contain workers with or even carrying their brood. There are many tens of thousands of 
ant specimens known in Dominican and Baltic amber. 3. The ants were social and were 
engaging in recruitment foraging. There is some evidence for this in piece Bu116, since it 
contains a large roach (12.5 mm body length) with 9 ants close by (within 4 ant-body 
lengths), as well as the remains of a large spirobolidan millipede. Piece 1814 has no 
obvious prey item, though commercial processing (trimming, grinding, polishing) of the 
amber pieces may have obliterated any traces of one.  
  
Description and Discussion of Fighting Ants: 
Piece JZC Bu1646 is an oval cabochon-shaped piece 13 mm W x 16 mm L x 6 mm 
thick composed of deep, transparent yellow amber, completely enclosing a contraspecific 
pair of Gerontoformica ants. The ants have stings but no wing stubs, so they are clearly 
workers. The mandibles of each ant are closed around an appendage of the other. Also in 
the piece is an oribatid mite and small, unidentified blobs of organic material. Ant A 
(Gerontoformica tendir) is smaller than Ant B (Gerontoformica spiralis) by ca. 84%, 
based on head length/mesosomal lengths. In ant A the left antenna is missing 
antennomeres three and distal; the right antenna is fully intact (12 antennomeres); its 
right protarsus appears to be trapped between the left mandible and clypeal comb of ant 
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B. In ant B the left antenna is intact (also having 12 antennomeres); the right antenna is 
grasped by ant A at its base (apparently the scape); six basal segments of the antenna are 
preserved, the six distal ones lost. The broken apex of the grasped, right antenna of ant B 
is exuding an air bubble, indicating that the ant was living while mired in the soft resin. 
Ant B is also missing the postfemoral portion of the left proleg. Ant A is preserved in its 
entirety; in B the apical segments of the metasoma are detached from the rest of the body. 
In neither specimen is the metasoma curled under the body, as if stinging its opponent. 
The two ants, however, were clearly fighting, based on the loss of some distal 
antennomeres, and the mandibles of each ant grasping an appendage of its opponent. 
Ants typically fight by grasping antennae and legs of opponents. 
This rare preserved instance of interspecific aggression between two Gerontoformica 
workers is best explained in the context of sociality. Intraspecific male-male competition 
(combat or ritualized fighting) is common in solitary species of insects controlling access 
to females, but interspecific aggression is rare, and unknown in wingless female 
aculeates, except ants (all living species of which are social). Although ants are infamous 
for their warfare, there is actually a continuum in intra- and interspecific aggression, 
ranging from protection of the nest (in virtually all species), to protection of the nest and 
food supply, to protection of these plus the foraging area (i.e., territoriality) (Hölldobler 
and Wilson, 1990). Territoriality can be conditional (e.g., dependent on the invading 
species) or absolute. For example, some species of Formica that form large colonies can 
force the extirpation of other local ant species (e.g., F. polyctena [Vepsäläinen and 
Pisarski, 1988], F. yessensis [Higashi and Yamauchi, 1979]); Oecophylla weaver ants are 
very aggressive in defending the trees in which their colonies reside (Hölldobler and 
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Wilson, 1990). Aggressive territoriality is also why some exotic, invasive species like 
Solenopsis invicta and Iridomyrmex humilis severely impact native species.  
 
 
Systematic paleontology (expanded from main text) 
 
Family Formicidae Latreille 1809 
 
Genus Gerontoformica Nel & Perrault 
 Gerontoformica Nel & Perrault, 2004: pg. 24. Type species: G. cretacica Nel & 
Perrault, by original designation. In Late Albian-aged amber from Charente-Maritime, 
France. 
 Sphecomyrmodes Grimaldi & Engel, 2005: pg. 5. Type species Sphecomyrmodes 
orientalis, by original designation. In Burmese amber. NEW SYNONYMY. 
 
Diagnosis (emended):  Distinguished from other Cretaceous genera by the presence of an 
uninterrupted row of peg-like denticles on the anterior margin of the clypeus; mandibles 
falcate, with one large apical tooth and one preapical tooth; labrum without denticles. 
The revised diagnosis and new generic synonymy is based on re-examination by P.B. 
of the type specimen, housed at the National Museum of Natural History, Paris. The 
original description of G. cretacica reports peg-like teeth on the labrum, but which 
actually occur on the clypeus. Also, the antenna is distorted, giving the false appearance 
of an elongate scape. Finally, the apparent lack of a sting in the type specimen can be 
attributed to preservation, as other major features (dorsal mesosomal sclerites) are 
missing. Species formerly placed in Sphecomyrmodes (Grimaldi and Engel, 2005; Barden 
and Grimaldi, 2014) are now placed in Gerontoformica, as follows: 
 
New Combinations: 
 
Gerontoformica orientalis (Engel and Grimaldi) 2005: 5. New Combination. 
Gerontoformica contegus (Barden and Grimaldi) 2014: 2. New Combination. 
Gerontoformica gracilis (Barden and Grimaldi) 2014: 4. New Combination. 
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Gerontoformica magnus (Barden and Grimaldi) 2014: 7. New Combination. 
Gerontoformica pilosus (Barden and Grimaldi) 2014: 10. New Combination. 
Gerontoformica robustus (Barden and Grimaldi) 2014: 12. New Combination. 
Gerontoformica rugosus (Barden and Grimaldi) 2014: 15. New Combination. 
Gerontoformica spiralis (Barden and Grimaldi) 2014: 16. New Combination. 
Gerontoformica subcuspis (Barden and Grimaldi) 2014: 17. New Combination. 
Gerontoformica tendir (Barden and Grimaldi) 2014: 17. New Combination. 
  
 
Camelomecia Barden and Grimaldi, New Genus, Supplemental Figure 4 
 
Diagnosis (gyne): Based on alate and dealate specimens. A unique morphotype with 
affinities to Zigrasimecia and Gerontoformica based on cranial and mandibular 
sculpturing. Head broad posteriorly, narrowed sharply at anterior margin of eyes and 
antennal sockets. Antenna with 12 segments, scape short; flagellomeres narrow at base, 
most broadened apically with inner pointed lobe. Gena with V-shaped incision 
accomodating lateral articulation of mandible. Mandible broad, cup-like (mesally 
concave), with anterior margin of inner surface with rows of dense, scale-like setae. 
Frontal lobe originating medially near antennal sockets, bifurcating into two distinct 
ridges leading to anterior margin of head, flanking the clypeus base. Margin of labrum 
rimmed with fine setae. Eyes and ocelli well developed. Anterior margin of pronotum 
uniquely with collar of dense, fine pilosity. Petiole pedunculate, broadly attached to 
gaster. 
Type Species: C. perplexa, new species. 
Etymology: Derived directly from camel, referring to the head in profile; and -mecia, a 
common suffix in ant generic names derived from Greek.  
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Camelomecia perplexa, Barden and Grimaldi, new species 
 
Diagnosis: As for genus. 
Description: Gyne, All measurements in millimeters (mm):  
Head: Elongate, broad posteriorly, narrowed anteriorly; head depth (length) (including 
clypeus) 2.26; width 1.03 at greatest (excluding eyes), 0.71 at narrowed apex. 
Prognathous, postgena with ventral declivity around cervical connection. Vertex of head 
rounded broadly. Eyes large and ellipsoid; 0.93 length, 0.41 width. Ocelli 0.10 in 
diameter, atop slightly raised cuticular ridge. Antenna with 12-segments: scape 0.37 in 
length; pedicel 0.16, flagellomeres I-X: 0.46, 0.36, 0.36, 0.33, 0.30, 0.30, 0.31, 0.29, 
0.24, 0.31. Total antenna length 3.79. Antennomeres 4-11 with narrow base, apex 
broadened and asymmetrical, inner portion of apex extended and pointed, giving 
flagellum a slightly serrate appearance. Head capsule narrowed approximately 30% near 
anterior margin of eye and antennal socket. Frons elevated medially near antennal 
sockets, this elevation bifurcated into raised lobes leading to mandible bases; elevated 
lobes immediately flank rounded posterior margin of clypeus. Labrum 0.53 in length, 
0.34 at greatest width near posterior margin, medially depressed, surface glabrous; 
extends 0.31 anteriorly between mandibles with narrowing lateral margins meeting 0.20 
wide anterior margin at ~90° angle. Lateral edges of labrum possess array of long, 
tapered setae directed anteriorly; anterior edge of labrum with more fine setae, ~5x 
shorter in length. Sharp concave sculpturing visible in lateral view separating gena into 
two separate pointed dorsal and ventral processes, accommodating lateral articulation of 
mandible. Mandible cup-like (inner surface strongly concave), length approximately 
0.76, height 0.47 at greatest; developed primarily dorsoventrally, with some lateral 
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bowing resulting in a bulging external surface; ventral edge largely flattened with single 
apical tooth, dorsal edge broadly rounded, external margin without setae or fine 
sculpturing, anterior portion of internal margin possesses many thick, pointed and scale-
like setae ranging 0.07 to 0.21 in length; dorsoventral edge possesses fine serrate 
denticles. Basal-most region of mandible largely obscured by gena, appears slightly 
rugose and narrowed. Maxillary palp with 5 segments, palpomere I-X length: 0.10, 0.11, 
0.36, 0.36, 0.33, 0.36; Labial palp with 3 segments, last two segments 0.20 and 0.16 in 
length. 
Mesosoma: Depth (maximum dorsoventral height) 2.03 from mesopleuron to 
mesonotum, Weber’s length 3.59. Length of individual dorsal scelrites: pronotum 0.46; 
mesoscutum 0.53; mesoscutellum 0.29; scutellum 0.86; metanotum distorted; propodeum 
0.89. Pronotum and propleuron separated by deep sulci, both sclerites extend beneath 
occipital suture; propleuron ventrally expanded near head capsule and visible in lateral 
view; pronotum dorsally reduced near head, sharply expands into broad collar 
posteriorly, coated in long and flattenened setae originating near posterior margin and 
extending to anterior-most edge of collar. Mesoscutum largely glabrous, with long 
anteriorly projecting setae near anterior margin. Tegula broadly rounded. Scutellum with 
slightly elevated medial ridge. Wings damaged, partially obscured, though most of fore 
wing venation visible. Mesopleuron and propodeum highly developed, together comprise 
~70% of mesosoma in lateral view. Metapleuron narrow with distinct sulci, highly pilose, 
notably more so than mesopleuron or propodeum. Metapleural gland opening visible as 
narrow slit, having 3-4 fine upright setulae on ventral margin. Propodeum with steep 
anterior face, spiracle atop slight cuticular elevation. Procoxa broad, 0.97 long; 
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protrochanter 0.40; profemur 1.56; protibia 1.23, sparsely setose; protibial spur well 
developed, laterally accompanied by four stiff setae in linear arrangement. Mesocoxa 
broad, 0.57 long; mesotrochanter 0.29; mesofemur 1.39, sparsely setose near apex; 
mesotibia 1.51 with occasional sharp setae; two mesotibial spurs, the larger 
approximately 1.3x in length. Metacoxa 1.11 long; metatrochanter 0.31; metafemur 2.03; 
metatibia 2.24; two metatibial spurs present, the larger approximately 1.3x longer with 
distinct brush. Trochantellus present; pretarsal claw with subapical tooth.  
Metasoma: Largely obscured, total length approximately 4.57 including petiole. Petiole 
broad and pedunculate, 1.64 in length; attaches anteriorly at an approximate height of 
0.40, sharply raising to an overall height of 1.16; gradually rounded dorsally; longitudinal 
sulcus highly developed; small sub-petiolar process present near anterior margin; 
posterior attachment very broad 0.71 in height with longitudinal sulcus aligned with 
sulcus present on gastral segment I. Gastral segment I (abdominal segment III) with 
thick, dark sulcus, gradually pointed ventral projection present anteriorly. Gastral 
segment II obscured, appears to comprise majority of gaster length. Terminal regions of 
telescoped gastral segments III, IV, and V visible, each highly setose. Sting present. 
Type: Holotype, TJNV005, alate female. Myanmar: Kachin State.  Etymology: As in 
perplex, reflecting the unusual head morphology in particular. 
 
Description, Male (Species undetermined): JZC Bu1818 (Supplemental Figures 1E; 
2D-F) A rather large, gracile ant preserved in a large piece of transparent yellow amber 
45 x 22 x 20 mm (untrimmed); the piece also contains two beetle larvae (one minute, 
early instar; the other larger and distinctive, resembling Brachypsectridae), plus 21 
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oblong frass pellets that are fairly uniform in size. Body length of the ant is 
approximately 8.5 mm; preservation of the mesosoma is distorted. Pronotum extended 
into long, slender neck; propodeum long, gradually sloping; petiole not well preserved, 
but apparently long, slender, not well developed; gaster relatively short. Head: Eye large, 
oval; ocelli present, large, barely separated (by distances less than their diameter); 
antenna with 11 antennomeres (9 flagellomeres). Lengths: scape 0.27 mm; pedicel 0.58, 
flagellomere I 0.57, II 0.55, III 0.46, IV + V unclear, VI 0.32, VII 0.27, VIII 0.25, IX 
0.35. Clypeus apparently without pegs but with fringe of stiff, fine setae. Mandibles 
distinctive, very similar to those of alate Camelomecia: short, scoop-shaped, with two 
short, subapical teeth; fringe of stiff, spicule-like setae on ventral margin and mesal 
surface. Legs relatively short compared to body length. Protibia with pectinate calcar, 
calcar notched in middle of the surface facing tibia. Mesotibia with one large ventroapical 
spur; metatibia with pair of ventroapical spurs, approximately equal in length. Pretarsal 
claws with small, subapical tooth, arolium well developed. Male genitalia slender, 
conical, parameres adjoining. 
Wing and Venation: relatively short and slender, fore wing length 4.96 mm, width 1.56 
mm; hind wing length 3.96 mm, width 0.77 mm. Hind wing with row of 13 thicker 
hamuli distal to Rs, one fine hamulus anterior to midline of R + Rs. Wing venation is 
distinct, divergent from Sphecomyrma and Gerontoformica: Forewing with SMC1 
complete, undivided; cell DC very large, forming parallelogram (vs. pentagonal); large 
DC2 cell present (i.e. vein 2m-cu present) (vs. absent); cell SMC2-3 absent (vs. present). 
Hind wing with long row of hamuli posterior to Rs (vs. shorter, ≤ 6); venation reduced: 
vein M absent (vs. present, apically evanescent). Venation very similar to that of alate 
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female (TJNV005). This specimen is placed in Camelomecia on the basis of the 
distinctive mandibles, oral setae, and similar wing venation. 
 
 
Genus Gerontoformica Nel & Perrault 
 
Gerontoformica maraudera, New Species, Supplemental Figure 5 
 
Diagnosis, worker: Readily distinguishable from other Gerontoformica species by 
elongate mandibles incapable of retracting flush with clypeus; frontal lobe with pointed 
and projected anterolateral margin; sparse, thick setae coating head and body; five 
maxillary palpomeres; reduced metanotum; distinct band-like constriction between first 
and second gaster segments. Total length 8.67 mm 
Description: All measurements in millimeters (mm): 
Head: Sparsely setose, setae up to 0.36 in length; head 1.21 in length from posterior 
margin of head to anterior margin of clypeus in frontal view; 1.06 wide excluding eyes. 
Ocelli present. Occipital foramen broadly rounded. Vertex of head flattened, 
posterolateral margins broadly rounded. Eyes situated high on head, 65% the distance 
above anterior margin of clypeus to posterior margin of head. Eyes bulging, 0.43 long, 
0.24 deep. Cuticle between antennae raised into frontal lobe, frontal carina originate at 
inner margin of eye, diagonally leading to anterior margin of frontal lobe, terminating as 
a slight pointed expansion. Antenna total length 6.07: scape 0.66, pedicel 0.19, funicular 
segment I 0.89, II 0.63, III 0.63, IV 0.60, V 0.61, VI 0.54, VII 0.56, VIII 0.54, IX 0.51, X 
0.56. Clypeus appears reduced, anterior and lateral margins obscured by desiccation; 
anterolateral margin with small pointed projection; anterior margin with characteristic 
stout setae-derived denticles (0.03 long), difficult to enumerate, >15. Mandibles elongate, 
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exceeding width of clypeus preventing flush retraction as in other Gerontoformica, 1.00 
long; apex with two denticles, apical tooth slightly larger; external margins slightly 
setose. Labium broad, possessing at least six interwoven rows of small, pointed denticles; 
anterior margin with fine, tapered setae. Labial palps with two palpomeres (damaged and 
not possible to measure accurately); maxillary palp with five palpomeres: I 0.13, II 0.23, 
III 0.33, IV 0.44, V unclear. 
Mesosoma: Weber’s length 2.90. Dorsal lengths: Pronotum 1.07, mesonotum 0.70, 
propodeum 1.44. Dorsal sclerites with sparse setae throughout. Pronotum broadly 
rounded with high collar; depression situated just anterior to collar. Propleuron reduced, 
slightly visible in lateral view. Mesonotum expanded dorsally; thoracic gemmae appear 
to be present. Mesonotum apparently lost or highly reduced. Pronotum elongate, 
gradually rounded; metapleural gland opening gaping, facing posteriorly. Fore-legs lost 
beyond the forecoxae; one midleg preserved; hind-legs lost beyond femur. Procoxa with 
tapered setae along anterior edge, 0.69 long. Mesocoxa 0.53 long; mesotrochanter 0.36 
long; mesofemur 1.69 long trochantellus present; mesotibia highly setose, measurement 
obscured by fracturing and distortion, mesotibial spur not visible; tarsal segments highly 
setose, pretarsal claw with subapical tooth. Metacoxae 0.74 long; metatrochanter 0.37 
long; metafemur 2.46 long. 
Metasoma: Petiole not tergosternally fused, with broad anterior face, nodiform; 
approximately 1.06 total length. Node broadly rounded with setae along dorsal face; 
maximum height 0.67, decreasing to 0.57 at gaster attachment (sternal projection 
comprising 50% of this height). Underside of petiole and sternite of gaster segment I 
(abdominal segment III) possessing narrow projection that appears to be attached to both 
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sclerites, projection with perpendicular anterior and ventral margins, anteroventral 
margin with sharp hook. Helcium distinct, rugose segment expanding to reach petiole. 
Gaster rugose throughout, with sparse elongate setae. Distinct band-like constriction 
between gaster segments I and II. Sting exuded slightly. 
Type: Holotype JZC Bu1123. Wingless female (presumed worker). Preserved in a 11 x 7 
x 5 mm piece of transparent yellow amber previously shaped into bead. 
Etymology: As in “marauder,” in reference to fierce appearance and dramatic mandibles. 
 
 
JZC Bu313: Queen Gerontoformica sp., fully winged, (Supplemental Figures 1A; 2A-C) 
This is a virtually complete specimen in a piece that was originally bead-shaped and with 
a hole bored through it. It was trimmed flat on two faces, one face providing a full frontal 
view of the head; size is now 8 x 5 x 4 mm. The ant is missing its apical antennomeres 
(just the four basal ones remain), and the apex of the metasoma (e.g., sting), which were 
obliterated at the surface of beaded piece. The piece also contains a Collembola, a small 
Hemiptera (Dipsocoromorpha), and a tiny empidoid fly (the first two of these suggests 
capture near or on the surface of the ground). Other than loss of some small portions the 
ant is quite well preserved, with little preservational distortion and the cuticle cleared in 
most regions (thus facilitating observation of fine details). The wings are particularly well 
preserved. 
Description: head length 0.81 mm; head width 0.62 mm; eye length 0.20 mm; 
mesosomal length 1.89 mm (likely exaggerated by dessication); petiole length 0.54 mm; 
gaster length (preserved portion) 1.73 mm; forewing length 4.25 mm, width 1.34 mm; 
hind wing length 2.83 mm, width 1.06 mm. Head: oral margin broad, with comb of ca. 18 
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clypeal pegs; mandible structure typical of Gerontoformica: broad, with single preapical 
tooth (plus apical one). Ocelli present, small; head with numerous fine, erect setae; bases 
of antennae surrounded by large, round, shallowly concave area. Pronotum projected into 
long, narrowed neck; metapleural gland opening large, facing posteriad [mesosoma is 
strongly compressed laterally]. Mesoscutellum and postnotum are well developed; 
propodeum is shallow, sloping; petiole distorted, not fully discernable. Protibia with long, 
slender, bare (non-pectinate) calcar having bifid apex, smaller spur mesally (0.5x the 
length). Mesotibia with slender ventroapical spur; metatibia with pair of ventroapical 
spurs (approximately equal in size). 
Wing and venation: Hind wing with row of six thicker hamuli distal to Rs; 3 finer, 
widely spaced ones distal to this. Venation very similar to that of male Sphecomyrma sp. 
in Turonian-aged New Jersey amber (AMNH NJ-242) (Grimaldi et al., 1997). Main 
forewing differences are that Gerontoformica sp. (Bu313) has a partial division of cell 
SMC1, as in Baikurus mandibularis Dlussky (vs. undivided); basal cells BC and SBC are 
shorter; vein Cu1 is present, though weaker than the other veins (vs. absent); vein M 
gradually fades apicad but nearly complete (vs. evanescent well before the wing margin). 
Main hind wing differences are Rs and M evanescent apically (vs. barely developed in 
Sphecomyrma).  
  
JZC Bu318: Queen Gerontoformica sp., fully winged, (Supplemental Figures 1B) A 
complete specimen completely enclosed within a 9 x 5 x 4 mm pice of clear yellow 
amber; the entire cuticle of ant is covered with a reddish layer, indicating oxidation 
and/or initial pyritiziation of the specimen (the red layer obscures some structures). 
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Wings are folded over each other, the distal halves of each being crumpled; the venation 
is nearly impossible to reconstruct. Ocelli present, small; face long, details of clypeal 
comb and mandibular dentition not visible. Antenna with 12 antennomeres (10 
flagellomeres). Protibia with calcar bare (not pectinate), having bifid apex. Claws with 
small preapical tooth, arolium large and well developed. Structure of mesosoma obscured 
by some distortion. Mesotibia with two ventro-apical spurs (1 small, 1 longer posterior 
one); metatibia with two ventroapical spurs, both approximately the same length. Sting 
long, well-developed. Petiole broadly rounded dorsally, dome-like; sternite I with 
obvious ventral projection; gaster slender (some internal contents preserved, visible 
through cuticle). 
Measurements: head length 1.02 mm; head width 0.62 mm; eye depth 0.19 mm; 
mesosomal length 1.48 mm; petiole length 0.48 mm; gaster length 1.96 mm; forewing 
and hind wing length obscured due to degradation. Lengths of antennomeres: scape 0.37 
mm; pedicel 0.18; flagellomere I 0.32; 0.21; 0.19; 0.17; 0.17; 0.20 ; 0.15; 0.17 ; 0.14; 
0.17; 0.15; 0.27.  
Venation: Not visible. 
 
JZC Bu1821: Dealate female (queen) of Gerontoformica sp., (Supplemental Figures 1C-
B) A well-preserved but partially obscured specimen. The ant is suspended in a resin 
flow among hundreds of bubbles, preventing some lateral views. The piece is 2.5 x 1.4 x 
0.9 cm, trimmed flat on one surface to provide a clear ventral view of the head and body.  
Description: head length 1.43 mm; head width 1.38 mm; eye length 0.50; mesosomal 
length 2.37 mm; petiole length 0.60; gaster length 2.61; antenna: scape 0.57 mm; pedicel 
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0.31, flagellomere I+II+III +IV obscured, V 0.32, VI 0.31, VII 0.25, VIII 0.23, IX 0.28, 
X 0.43. Head broadly rounded square, slightly narrowing anteriorly. Mandibles bidentate, 
anterior margin of clypeus with peg-like denticles, difficult to enumerate (>12) 
characteristic of other Gerontoformica taxa. Antennal sockets posterior to clypeal margin, 
surrounded by slightly depressed area relative to medially elevated cuticle between 
antennae. Frontal carina spiraling out from just lateral to inner margin of antennal socket 
to anterior margin of eye, as in G. orientalis and G. spiralis. Ocelli present. Pronotum 
with anteriorly expanded neck: propleuron visible in lateral view. Mesoscutum highly 
developed, flattened dorsally; transscutal fissure very faint; scutellum raised dorsally; 
wing stubs clearly visible. Metapleural gland opening gaping, projecting posteriorly. 
Propodeum reduced, sloping dramatically. Protibial spur bifurcating near apex, pectinate 
between these two apicies; mesotibia and metatibia each with two approximately equal 
length spurs, one pectinate; trochantellus present, pretarsal claw with subapical tooth. 
Petiole pedunculate, appears to attach somewhat broadly although the attachment point is 
mostly obscured by a fissure. Gaster segment I with slight ventral projection; gastral 
segments not terg-sternally fused, largely obscured. Sting present. 
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Supplemental Figure 1. Photomicrographs of reproductive ants in Burmese amber. 
A. Dorsolateral view of winged queen Gerontoformica sp., specimen JZC Bu313. B. 
Dorsolateral view of winged queen Gerontoformica sp., specimen JZC Bu318. C. Ventral 
view of dealate queen Gerontoformica sp., specimen JZC Bu1821. D. Head and 
mesosoma of dealate queen Gerontoformica sp., in dorsal view, specimen JZC Bu1821. 
E. Lateral view of male Camelomecia sp., specimen JZC Bu1818. Scale bar equal to 
1mm. 
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Supplemental Figure 2. Reconstructions of reproductive ants in Burmese amber. A. 
Forewing of Gerontoformica sp., queen JZC Bu313. B. Hindwing of JZC Bu313. C. 
Head of JZC Bu313. D. Forewing of Camelomecia sp., male JZC Bu1818. E. hindwing 
of JZC Bu1818. F. Head of JZC Bu1818. 
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Supplemental Figure 3. Photomicrographs of JZC Bu188 alternate views. 
Complimentary views of Figure 1, bottom left. 
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Supplemental Figure 4. Photomicrographs of Camelomecia perplexa. TJNV005. Top. 
Lateral view of entire specimen. Middle left. Frontal view of head featuring setose 
mouthparts. Middle right. Dorsolateral view of head. Bottom. Alternate lateral view. 
Scale bar equal to 1mm. 
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Supplemental Figure 5. Photomicrographs of Gerontoformica maraudera. JZC 
Bu1123. Left. Lateral view of entire specimen. Right. Head from frontal view featuring 
long, gaff-like mandibles. Scale bar equal to 1mm. 
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Introduction 
Fossils are important for the identification of some relictual distributions and there are 
numerous examples of extinct taxa reshaping biogeographic history (e.g. basal termites, 
Ginkgo trees, rodents, Emerson 1965; Grimaldi and Engel 2005; Royer et al., 2003; 
Dawson et al., 2006). While in some cases the taxonomic assignment of particularly 
informative fossil species may be straightforward, here we explore a less unequivocal 
example, where a highly disjunct biogeographic pattern has historically undermined 
taxonomic assignment. Among the most distinct ant genera, large Leptomyrmex species 
are easily recognizable and exhibit unique attributes. Colloquially called “spider ants” on 
the basis of their lanky, gracile habitus (figure 1b) and hurried movement, workers will 
lift their gaster above their mesosoma, giving their body the appearance of a more stout, 
eight-legged arthropod. Extant taxa are limited to wet forest and sclerophyll habitats in 
New Caledonia, New Guinea, and eastern Australia, with 27 species known today 
(Shattuck 2000; Lucky 2011). The genus is split into two informal groups, both shown to 
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be monophyletic: with six “micro-” Leptomyrmex species characterized by a relatively 
small, compact build, contrasted with the remaining 21 large, elongate “macro-” species 
(Smith and Shattuck 2009; Lucky and Ward 2010). 
 
Fig 1. (a) Alternative hypotheses for the placement of L. neotropicus H0 from Ward et 
al., 2010; H1 from Lucky 2011. (b) Leptomyrmex ruficeps from Queensland, Australia 
(photo from www.AntWeb.org; Andrea Lucky). (c) L. neotropicus in Dominican amber, 
specimen AMNHDR-13-85. (d) Distribution of taxa concerned in study. 
 
 
The fossil, and, by extension, biogeographic history of Leptomyrmex has been a 
source of intrigue for more than a century. The Italian entomologist Carlo Emery would 
note the first curiosity in 1891 with the description of Leptomyrmex maravignae, a male 
ant in Sicilian amber dated to the Miocene (Emery 1891; Emery 1913), based on peculiar 
wing venation seen only in extant members of the genus. The Mediterranean fossil would 
therefore extend the range of these ants considerably, generating questions regarding their 
origin and prehistoric distribution well before acceptance of plate tectonics: Were these 
ants distributed more widely in the past? Wheeler (1915) would call the male ant, 
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renamed Leptomyrmula maravignae, a primitive relative of Leptomyrmex, suggesting that 
leptomyrmecine ants at one time inhabited the Old World – their current distribution a 
reflection of massive contraction and extinction.  
There would be no additional fossil material until 1980 when several putative 
Leptomyrmex worker ants were reported in Dominican amber from the Miocene (Baroni-
Urbani 1980). Leptomyrmex neotropicus was described based on a composite 
reconstruction of nine incomplete worker specimens preserved within the same amber 
piece. Wilson (1985) disputed this identification on the basis of biogeographic 
improbability; instead suggesting L. neotropicus was a closer match to some extant 
members of the formicine genus Camponotus, or, carpenter ants. Some Camponotus taxa 
superficially bear a strong resemblance to Leptomyrmex species but can be distinguished 
by the presence of an acidopore – a defining character of formicine taxa that could not be 
ruled out of the original L. neotropicus reconstruction. Indeed, because Camponotus is a 
very large genus found worldwide, a case of convergence would be a more simple 
explanation than a widely disjunct distribution. However, four better preserved 
Leptomyrmex workers from Dominican amber were subsequently discovered clearly 
lacking an acidopore, leading Wilson and Baroni-Urbani (1987) to declare together: “The 
additional, better preserved workers are identical or close to L. neotropicus, and prove to 
belong to the Leptomyrmecini beyond any reasonable doubt.” This strong taxonomic 
endorsement for a Neotropical Leptomyrmex would ultimately not hold. 
In the age of molecular phylogenetics the role of fossils can be unclear. Most 
frequently, fossils are included in analyses solely as calibration points for divergence date 
estimates (Donoghue and Benton 2007). This approach typically relies on assumed 
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taxonomic placement, which can contribute to dating error (Brady 2011; Rutschmann et 
al., 2007). Further, because fossils are not actually present in inferred phylogenies, their 
contribution to biogeographic reconstruction is limited and ancient distributions may be 
excluded on the basis of ambiguous placement. Although simultaneous analysis of 
molecular and morphological data has been utilized to integrate fossil taxa for over two 
decades (e.g. Eernisse and Kluge 1993), the practice declined with the advent of model-
based phylogenetic reconstruction. Results from molecular-based ancestral area and 
divergence date estimation have suggested that L. neotropicus is unlikely a member of 
crown-group Leptomyrmex and instead a stem group of Dorymyrmex + Forelius based on 
the current neotropical distribution of the two genera (Figure 1a H0), which were 
recovered as sister to Leptomyrmex (Ward et al., 2010). This interpretation is based on 
analyses that did not directly include the Dominican amber fossil in divergence 
estimation (the age of the fossil was utilized as a lower-bound minimum age constraint of 
15-70 million years for Leptomyrmex divergence) or biogeographic reconstruction 
because of the uncertain position of the taxon. Using calibration dates from divergence 
estimations derived from Ward et al., analyses, Lucky (2011) found that crown-group 
“macro-“ Leptomyrmex originated approximately 15 million years ago, while the genus 
itself diverged from a sister clade of Dorymyrmex + Forelius approximately 48 million 
years ago. These estimates, combined with the same modern biogeographic distributions 
recognized by previous authors, suggested that the L. neotropicus fossil is not a member 
of crown-group Leptomyrmex, but rather is a part of an extinct stem lineage of the group 
(Figure 1a H1). It is important to note that the position of L. neotropicus has never been 
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phylogenetically evaluated, which, ultimately leaves the position of the fossil, and 
subsequent historical reconstruction of the group, at the discretion of the investigator.  
Recently developed Bayesian methods allow for direct fossil integration through 
simultaneous analysis of morphological and molecular data (Ware et al., 2010; Pyron 
2011; Ronquist et al 2012), while performing divergence date estimation. Such analyses 
have the benefit of potentially placing fossils more accurately, improving temporal 
estimation and biogeographic reconstruction (Wood et al., 2012). Here, we employ 
combined analysis in parsimony and Bayesian frameworks to address an enigmatic fossil 
taxon referred to by EO Wilson (1985) as a “considerable biogeographic anomaly.” The 
goal is to better contextualize the biogeographic history of the genus, providing a case 
study for the targeted treatment of taxonomically controversial fossils. 
 
Materials and Methods 
Morphological and Molecular Data 
To assess the phylogenetic position of L. neotropicus, we sampled species across the 
genus Leptomyrmex and closely related groups. Although there are putatively primitive 
leptomyrmecine male ants known from Sicilian, Dominican and Danish amber (Emery 
1891; Baroni-Urbani and Wilson 1987; Dlussky et al., 2014), this study excluded male 
ants as sufficient material was not available. A total of 26 terminals were included based 
on worker ants, comprising an outgroup taxon (Linepithema humile), sister taxa 
Dorymyrmex bicolor and Forelius pruinosus, L. neotropicus, two “micro-“ and 20 
“macro-“ Leptomyrmex species. With the exception of L. neotropicus, taxonomic 
sampling followed available DNA sequence data from Lucky (2011). All extant taxa 
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were represented by five genes: arginine kinase (argK), long wavelength rhodopsin (LW 
Rh), wingless (Wg), large subunit ribosomal gene 28S, and mitochondrial cytochrome 
oxidase I (COI), included from published sequences (documented in Lucky 2011). Genes 
were statically aligned in MUSCLE v3.8 (Edgar 2004) and concatenated, with the final 
molecular matrix totaling 3070 bp. A novel set of 24 morphological characters (8 
continuous, 16 discrete) were developed and scored for all species based on workers 
(Supplementary Table 1). Continuous characters were obtained by taking the mean 
measurements of a minimum of four specimens per species. In the case of L. neotropicus, 
four specimens (AMNHDR-14-94, AMNHDR-13-85, AMNH-No number bag, 
AMNHDR-JVE-654a) from Dominican amber dated to 16-20 million years ago (Iturralde 
and MacPhee 1996) were examined and measured. Specimen AMNHDR-JVE 654 is a 
remarkable assemblage of eleven workers, reported here for the first time (Fig 2). 
Examination of AMNHDR-13-85 included 2- and 3-dimensional reconstruction 
performed at the American Museum of Natural History Microscopy and Imaging Facility 
utilizing a GE Phoenix vtomex s 240 computed tomography system. X-ray data were 
analyzed in ImageJ v 1.48 and Volume Graphics Studio Max, v2.2. 
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Fig 2. Specimen AMNHDR-JVE-654. An assemblage of 11 Leptomyrmex neotropicus 
workers in Dominican amber. 
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Morphological Characters 
1. Head capsule elongation (cephalic index): Continuous (ratio) 
o All measurements from frontal view that maximizes eye length. Maximum 
width of head, excluding eyes divided by maximum length of head 
measured as midline distance between anterior edge of clypeus to occipital 
foramen of head. 
2. Head lateral margin configuration: 0) parallel 1) converging 
o From a frontal view taken at eye level, position of lateral margins of the 
head with respect to each other. Parallel indicating the lateral margins 
would not intersect if extended, while convergent configuration such that 
the sides of the head are directed toward each other.  
3. Postocular margin of head: 0) gradually rounded 1) broadly rounded 2) necklike 
constriction  
o Shape of the head posterior to compound eyes when viewed from front 
view which maximizes eye length. Gradually indicating the rounding 
continues to the posterior-most margin, whereas broadly refers to rounded 
lateral margins with a flattened posterior margin. Necklike constriction 
refers to an abruptly narrowed postocular margin. 
4. Lateral eye position: 0) distant from lateral margin of head 1) touching or 
overlapping head lateral margin 
o In a frontal view, position of the outer/lateral margin of the eye with 
respect to lateral margin of the head capsule. Either with outer/lateral 
margin of the eye distant from the lateral margin of the head (by >/= 1/3 
width of eye) or with the lateral margin of the eye touching or overlapping 
lateral margin of head.  
5. Anteroposterior eye position: 0) posterodorsal 1) anteroventral 
o Eye position corresponding to either the posterodorsal or anteroventral 
half of head. Head length measured from anterior margin of clypeus to 
occipital foramen, overall eye position determined by position of eye 
center (pinpointed as meeting point between eye height and width 
measured at greatest length and width). 
6. Frontal carina shape: 0) straight, parallel 1) sinuous, convex 
o Anteroposterior shape of frontal carinae. 
7. Distance between frontal carinae: Continuous 
o Measured as minimum distance between carinae. 
8. Scape index: Continuous (ratio) 
o Total length of antenna scape, excluding radicle divided by head width at 
greatest. 
9. Eye length: Continuous 
o Total eye length measured in face-on view which maximizes eye length. 
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10.  Anterior margin of clypeus: 0) flat 1) convex  
o Overall shape of anterior margin of the clypeus. 
11.  Clpyeal margin: 0) emargination not present 1) emargination present 
o Anterior margin of clypeus with notch or indentation along medial axis. 
12.  Mandible dentition: 0) less than 10 1) greater than 10 to 15 2) greater than 15 to 
20 3) greater than 20  
o Total number of teeth and denticles present on inner margin of mandibles 
13. Color banding or patterning on legs (red/black): 0) absent 1) present 
o Distinct color banding visible on legs in any form (i.e. black to red, red to 
black to red, etc).  
14. Total mesosoma length: Continuous 
o “Weber’s length” distance measured as a straight line between anterior 
margin of pronotum to posterior-most margin of propodeum in lateral 
view. 
15. Petiole scale: 0) rounded 1) scale-like 
o Petiole scale defined as narrow, dorsally angular; contrasted with more 
broad, gradually rounded petiole. 
16.  Hypostomal notch: 0) absent 1) present 
o Hypostomal margin notched along median 
17.  Transverse propodeal impression: 0) absent 1) present 
o From lateral view, an indentation in the dorsal margin between the anterior 
suture and posterior face of the propodeum. Such an indentation is not 
merely a sheer declining face, but rather a distinct valley restricted to the 
propodeum. 
18.  Maxillary palp length: 0) less than ¾ head length 1) ≥ ¾ head length 
o Fully extended, maxilliary palp length as directed posteriad. 
19.  Lateral/posterior margin of clypeus: 0) blended, as a rounded corner 1) sharp, 
cornered 
o Meeting point of posterior and lateral margins of the clypeus. Either as a 
distinct, sharp corner, or gradually rounded. 
20.  Anterior mesonotal ridge: 0) absent 1) present 
o Dorsal ridge present abutting the promesonotal suture. 
21.  Ventral surface of petiole: 0) flat 1) concave 2) convex 
o Shape of ventral margin of petiole from lateral view. 
22.  Head length: Continuous 
o Head length taken from frontal view which maximizes eye length, from 
posterior margin of head to posterior clypeal margin. 
23.  Scape length: Continuous 
o Total length of scape, excluding radicle. 
24.  Eye width: Continuous 
o Taken from frontal view, which maximizes eye length, measured 
perpendicular to maximum eye length line. 
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Parsimony Analyses 
To explore the robustness of tree topology we ran several treatments of 
morphological and combined datasets. In addition, because it is not possible to include 
non-whole number character states with Bayesian phylogenetic software, we explored the 
effect of binning characters on hypotheses. To bin the eight continuous characters, state 
ranges were plotted to assess natural “breaks.” In cases where no breaks were readily 
identifiable, the standard deviation of character states was utilized to create binnable 
ranges beginning from the lowest character state value (Supplementary Table 2). Four 
datasets were optimized: 
• Morphological characters alone as discrete and raw, continuous states. 
• Combined molecular and morphological characters with discrete and raw, 
continuous states. 
• Morphological characters alone as unordered and binned, ordered states. 
• Combined molecular and morphological characters with unordered and binned, 
ordered states. 
Each partition was evaluated in TNT v1.1 (Goloboff et al., 2008), utilizing sectorial 
searches, tree drifiting, fusing, and parsimony ratchet under the XMULT command until 
the best score was located 100 times. Nodes were evaluated with symmetric resampling 
(1000 pseudoreplicates; Goloboff et al., 2003). 
Bayesian Analyses 
All analyses were performed in MrBayes v3.2.3 (Ronquist and Huelsenbeck 2003). 
Morphological data were modeled under the mk model (Lewis 2001) while GTR+I+G 
was applied to genes. Metropolis-Coupled Markov-Chain Monte Carlo searches 
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employed two runs, each with four chains (one cold, three set to a default temperature of 
0.2), sampling every 1000 generations. Searches were run for 8 million generations, with 
consensus trees generated after 25% of initial samples were removed as burn-in. To first 
evaluate the effect of Bayesian inference on tree topology we conducted an “agnostic” 
search with default parameters and no molecular clock, the topology of this search was 
then used to constrain additional clock-based searches. Following Ronquist et al., (2012), 
subsequent dating analyses assumed a uniform clock with the clock prior set to an 
independent gamma rates (IGR) model (Lepage et al., 2007) where each branch is 
allowed an independent rate that is drawn from a gamma distribution. To explore the 
impact of fossils on divergence estimation, four calibration schemes were assessed, each 
with two calibration points: 
• All constraints obtained from Ward et al., 2010 estimates: Root age set to 42-58 
Ma; Dormyrmex + Forelius + Leptomyrmex constrained to 39-57 Ma. 
• Fossil root and Ward et al., 2010 estimated node: Root age set to 60-78 Ma based 
on newly discovered Cretaceous dolichoderine Chronomyrmex (McKellar et al., 
2013); Dormyrmex + Forelius + Leptomyrmex constrained to 39-57 Ma. 
• Ward et al., 2010 estimated root and L. neotropicus terminal date: Root age set to 
42-58 Ma; L. neotropicus age fixed 20 Ma. 
• Fossil root and L. neotropicus terminal date: Root age set to 60-78 Ma; L. 
neotropicus age fixed 20 Ma. 
Cases with calibration ranges were explored as uniform distributions of those ranges. In 
schemes without an L. neotropicus age constraint, the fossil was removed from analyses 
to simulate the overall effect of excluding the fossil. 
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Biogeographic Reconstruction 
Parsimony ancestral range reconstructions were performed in Mesquite v3.02 
(Maddison and Maddision 2015). Likelihood-based reconstruction was performed in 
LAGRANGE (Ree et al., 2005) to incorporate time and branch lengths with no range or 
temporal dispersal constraints. Dispersal and extinction rates were estimated by 
LAGRANGE during reconstruction. 
Results 
In every unconstrained analysis including the fossil, L. neotropicus is recovered 
within Leptomyrmex (figures 3-5). In all cases except the parsimony, binned morphology 
dataset (where L. neotropicus is within “macro-“ Leptomyrmex among a large polytomy, 
Figure 4b), L. neotropicus is recovered as sister to “macro-“ Leptomyrmex. Binning 
characters appears to have no effect on the efficacy of placing fossil taxa in total-
evidence analyses in this case, except for some reductions in bootstrap support. While 
deep nodes are identical between parsimony and Bayesian reconstruction, there is some 
incongruence within “macro-” Leptomyrmex. The topology of the “agnostic” non-clock 
Bayesian analysis is identical to results found by Lucky (2011) for extant taxa; however, 
relationships among some extant “macro-” Leptomyrmex are labile in combined and 
morphology-only parsimony analyses, which is also reflected in the low support of these 
clades. Nevertheless, support for the placement of L. neotropicus within Leptomyrmex is 
high. 
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Fig 3. Combined parsimony analyses of five genes (argK, LW Rh, Wg, 28S, COI) and 24 
morphological characters. (a) morphology coded as discrete and continuous. (b) 
morphology coded as discrete, some characters binned. 
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Fig 4. Parsimony analyses of 24 morphological characters. (a) morphology coded as 
discrete and continuous characters. (b) morphology coded as discrete, some characters 
binned. 
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Fig 5. “Agnostic” non-clocklike unconstrained Bayesian analysis of morphological and 
molecular data. 
 
 
The impact of L. neotropicus when included as a terminal in dating procedures 
appears to be minor relative to node-dating in nodes B-C (Table 1); however, including 
the fossil provides a time frame for divergence between Australian and Neotropical taxa. 
Calibrating the root age of the tree with a range informed by Chronomyrmex in 78 Ma 
  190 
Canadian amber increases the age of all nodes, and also the impact of L. neotropicus on 
node A estimation. Based on a preferred divergence-dating hypothesis that accounts for 
the maximum amount of fossil data, we recover a preferred divergence time of 44Ma (34-
55 Ma 95% Highest Posterior Density) for crown-group Leptomyrmex and a divergence 
estimate of 31 Ma (21-43 Ma 95% HPD) between the fossil and Australasian 
Leptomyrmex. 
Results of LAGRANGE and parsimony ancestral area reconstruction are reported in 
table 2. Parsimony and likelihood-based biogeographic reconstruction indicate an 
ancestral range of Australia + Neotropics for nodes B and C. In the case of node A the 
LAGRANGE reconstruction is nearly equivocal, with a 43% relative probability of an 
exclusively Neotropical distribution. LAGRANGE results are based on an estimated 
dispersal rate of 1.199x10-3 and extinction rate of 4.285x10-9. A preferred chronogram 
with ancestral area reconstructions is reported in figure 6. 
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Table 1. Summary of divergence date estimation analyses performed in MrBayes. HPD = 
Highest Posterior Density. “Fossil excluded” refers to traditional node-dating methods, 
while “fossil included” utilizes a fossil terminal as a calibration age. Node labels apply to 
Fig 6. *Indicates preferred estimation. 
    Root from Estimate (Ward et al. 2010) 
Root from Chronomyrmex (McKellar et 
al 2013) 
    Fossil Excluded Fossil Included  Fossil Excluded Fossil Included 
Node Clade 
Mean 
Age 
95% 
HPD 
Mean 
Age 
95% 
HPD 
Mean 
Age 
95% 
HPD 
Mean 
Age 
95% 
HPD 
 
A 
 
Leptomyrmex + 
Outgroups 44 39-53 45 40-55 56 51-57 64* 57-75 
B Leptomyrmex 30 22-39 32 24-40 40 32-48 44* 34-55 
 
C 
 
Macro species + 
DR fossil - - 25 20-32 - - 31* 21-43 
 
D 
 
Australian macro 
species 12 8-17 13 10-17 17 13-22 18* 13-23 
 
 
Table 2. Ancestral area reconstructions performed in LAGRANGE (likelihood) and 
Mesquite (parsimony). Aus = Australasian, Neo = Neotropical. Relative likelihood refers 
to the global likelihood of a given reconstruction, only reconstructions within 2 log-
likelihood units of the maximum for each node are shown. 
Node Area Reconstruction Relative Probability Parsimony Reconstruction 
A Neo | (Aus + Neo) 0.52 Aus + Neo 
 Neo | Neo 0.43  
 Neo | Aus 0.06  
B Aus | (Aus + Neo) 0.94 Aus + Neo 
 Aus | Aus 0.05  
C Aus | Neo 1.00 Aus + Neo 
D Aus | Aus 1.00 Aus 
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Fig 6. Preferred chronogram with ancestral area reconstructions. Tree derived from 
Bayesian analysis of combined morphological and molecular datasets, calibrated by age 
of Cretaceous dolichoderine fossil Chronomyrmex (60-78 Ma) and Leptomyrmex 
neotropicus (20 Ma). Red bars indicate 95% HPD. Nodes A-D with likelihood 
probability ancestral ranges plotted. 
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Discussion 
Assessing a Considerable Biogeographic Anomaly 
Analyses strongly favor a new hypothesis: Leptomyrmex neotropicus is a member of 
crown-group Leptomyrmex and sister to all extant macro-Leptomyrmex species. This 
relationship indicates that the current distribution of Leptomyrmex is relictual and the 
genus previously inhabited both Australasia and the Neotropics. In addition, the common 
ancestor of Forelius + Dorymyrmex and Leptomyrmex may also have inhabited both the 
New World and Australasia, however this finding is inconclusive.  
There are two plausible scenarios bridging an Australasian + Neotropical connection. 
Leptomyrmex may have been formerly distributed worldwide, with the Dominican taxon 
representing a small component of a former range extending into Europe and Asia. 
Dating estimates do not support this premise. Our results suggest that crown-group 
Leptomyrmex originated during the Eocene, after the breakup of Gondwana and any 
tenable mechanism of worldwide dispersal. Moreover, L. neotropicus is estimated to have 
diverged from crown group macro-Leptomyrmex during the Late Eocene-Early 
Oligocene, which would render a so-timed vicariance event through the Northern 
Hemisphere unlikely. Alternatively, we propose that Leptomyrmex previously inhabited 
South America and Australia by way of Antarctica, likely first originating in the 
Neotropics.  
The vast majority of Dominican amber species have close relationships with taxa in 
the Americas; however, there are at least 18 arthropod groups with distinct Australasian 
connections (reviewd in Grimaldi et al., 2013). Among them are two Dominican species 
of the wingless apterygotan genus Trinemurodes with two sole extant species in 
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Indonesia (Sturm and Mendes 1998). Another example includes the stag beetle tribe 
Syndesini comprised of two genera: Psilodon with seven Neotropical species and 
Syndesus known from four Australasian species, the latter now also known from 
Dominican amber (Woodruff 2009; Grossi and Aguiar 2014). While ancient Gondwanan 
events are often invoked for austral distributions, trans-Antarctic dispersal has been 
frequently interpreted in other animal groups (Sanmartín and Ronquist 2004), and has 
also been proposed to occur in another group of dolichoderine ants (Ward et al., 2010). 
Antarctica is estimated to have remained in contact with both South American and 
Australia until the Eocene-Oligocene border. Antarctica would have been warm during 
this time period, as glaciation did not take place until 33-34 Ma (DeContro and Pollard 
2003; Katz et al., 2008). Our Neotropical and Australasian divergence estimation closely 
matches these events, and it would seem that Southern-Hemisphere dispersal is the most 
compelling explanation for Leptomyrmex.  
Curiously, extant macro-Leptomyrmex queens are apterous (Wheeler 1934), and 
therefore have limited dispersal ability relative to winged species. It is possible that the 
loss of wings in female reproductives occured relatively recently, as micro-Leptomyrmex 
queens retain wings. The discovery of a winged or ergatoid Leptomyrmex queen in 
Dominican amber will further reveal the prehistoric dispersal ability of the genus. 
Unfortunately, putatively primitive leptomyrmecine males in Sicilian and Danish amber 
could not be incorporated into this study. As more material is discovered and made 
available, future investigation into these additional enigmatic taxa will be vital, and may 
support an even more expanded distribution in the past. 
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The Role of Fossils 
Fossils are critical for the identification of certain relictual distributions and 
excluding fossil taxa on the basis of apparent disjunct ranges represents a potential pitfall. 
As combined analyses and terminal-informed divergence dating methods are developed, 
extinct taxa should be evaluated beyond taxonomic assessment with the goal of 
uncovering otherwise unknowable evolutionary histories. In addition to detailing the 
narratives of individual groups, the accumulation of biogeographic data across lineages 
will allow for greater synthesis of dispersal and extinction patterns throughout Earth 
history. 
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Supplemental Table 1. Morphological matrix of discrete and continuous characters.
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Supplemental Table 2. Morphological matrix of discrete, binned characters. 
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Chapter V 
 
A preliminary combined analysis of living and fossil ants 
 
 
Introduction 
Over the past decade, neontological and paleontological inquiry have reshaped 
understanding of ant evolution, however these fields have remained largely 
compartmentalized. Two family-wide molecular datasets and subsequent analyses have 
provided a framework for relationships among modern subfamilies (Brady et al., 2006; 
Moreau et al., 2006; Kück et al., 2011; Moreau and Bell 2013). In addition, an important 
new species discovered in the Amazon basin has challenged traditional hypotheses 
regarding the morphology and habits of the earliest branching ant lineages (Rabeling et 
al., 2008). Further, targeted sub-family specific investigations have lead to substantial 
taxonomic rearrangements and improved biogeographic narratives in myrmecine, 
ponerine, and doryline ants, which together comprise a substantial percentage of known 
ant diversity (Schmidt 2013; Brady et al., 2014; Schmidt and Shattuck 2014; Ward et al., 
2015). There are 16 valid extant ant subfamilies, although this number changes as new 
analyses drive synonymies (e.g. Brady et al., 2014). Approximately, 90% of known ant 
species are contained within a late-diverging monophyletic group of 9 subfamilies 
referred to as the “formicoid” clade, which possesses no known morphological 
synapomorphies (Ward 2014). A surprising recurrent hypothesis suggests that the most 
basal living ants are the largely blind and cryptic taxa within the subfamilies Martialinae 
and Leptanillinae, however, there is some dispute regarding the roles of long-branch 
attraction and insufficient sampling as drivers of this and other hypotheses of basal ant 
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relationships (Brady et al., 2006; Ward 2014). The remaining five subfamilies are 
referred to collectively as “poneroids” and their relationships with respect to each other 
and the formicoid clade are variable according to sampling and analytical methodology. 
At the same time, fossil discoveries, particularly those from the Cretaceous, are rapidly 
detailing the early history of ants. Aside from numerous stem-group taxa (expanded in 
Chapter II and III of this dissertation), these include well-preserved members of crown-
group ants, which have been assigned to modern subfamilies based on the presence of 
synapomorphic features. 
Through phylogenetic comparative methods utilizing large-scale molecular datasets, 
investigators have begun to estimate a timeframe for ant evolution. Hypothesized dates 
have varied widely depending on methodology: for the origin of crown-group 
Formicidae, ages range from 113 – 191 million years ago from the highest and lowest 
95% confidence intervals of estimates, and 116 – 168 million years ago from mean 
values (Brady et al., 2006; Moreau et al., 2006; Moreau and Bell 2013). These estimates 
are derived by assigning temporal calibration points to certain nodes based on fossils, and 
the placement of these calibrations is at the discretion of the researcher. Potential 
problems for this practice are detailed in Chapter IV of this dissertation; however, one 
calibration point that has been consistently applied to ant divergence estimates 
underscores a danger of fossil calibration assignment in particular.  
All across-family dating estimates for ants have incorporated the 99 million year old 
Burmese fossil Burmomyrma rossi as the oldest crown-group ant calibration point (Brady 
et al., 2006; Moreau et al., 2006; Moreau and Bell 2013). The fossil has routinely been 
utilized as a minimum age calibrant for (Aneuretinae + Dolichoderinae), two derived 
  205 
subfamilies within the formicoid clade with a known sister relationship. The position of 
B. rossi has never been assessed cladistically, and the only known specimen is highly 
fragmentary. In addition, there has never been a confident taxonomic placement of 
Burmomyrma within a crown-group ants, with the initial description reading: 
 
“Systematic position could not be determined reliably due to poor preservation of 
the only specimen known... The combination of the sting, one-segmented waist, 
and gaster without constriction and tubular articulation between the first and 
second segments in the winged female excludes all the formicid subfamilies 
except for Sphecomyrminae, Aneuretinae, and Nothomyrmeciinae [now 
Myrmeciinae]. Since the head with antennae and mandibles is not preserved in 
Burmomyrma, its placement in the Sphecomyrminae could not be excluded. (In 
our opinion, the new genus most likely belongs to the Subfamily Aneuretinae." 
(Dlussky 1996) 
 
Moreover, the only other taxonomic treatment with mention of Burmomyrma places 
the fossil as “dubiously in Aneuretinae” (Bolton 2003). The fossil is therefore a prime 
example of ambiguity in node calibration placement, which may be highly significant as 
the oldest calibration utilized. Another calibration point incorporated into all large-scale 
ant dating analysis is Kyromyrma neffi from 92 million year old New Jersey amber, 
unambiguously assigned to the subfamily Formicinae based on the presence of an 
acidopore – a derived feature of the group (Grimaldi and Agosti 2000). Because K. neffi 
possesses no features of modern formicine tribes, the fossil is considered a stem-group 
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member of Formicinae. Therefore the age of the fossil has only been utilized as a 
minimum age for the node corresponding to the most recent common ancestor of 
Formicinae and its sister group (Brady et al., 2006), which probably does not reflect the 
true position of this fossil.  
As discussed in Chapter IV, combined analysis methodology may provide an ideal 
interface for paleontological and molecular data, allowing for more objective and 
accurate phylogenetic placement of fossil taxa. In addition to generating hypotheses that 
account for more information, which may be preferable in some cases (i.e. Nixon and 
Carpenter 1996), the method may improve divergence-dating estimates, reducing reliance 
on equivocal fossils such as Burmomyrma while placing stem-group fossils such as 
Kyromyrma more appropriately. There is a precedent for applying combined analysis 
methodology within ants. Ward and Brady (2003) performed an analysis of 
morphological and molecular character sets to elucidate the position of the subfamily 
Myrmeciinae. Fossils were included in morphology-only partitions but excluded from 
combined analysis. Their results suggest that including extinct terminals can be helpful in 
determining fossil placement among modern taxa, but do not provide insight into the role 
of fossils in largely molecular-based analyses. To explore the viability and impact of 
combined analysis across the Formicidae, published molecular data representing all 
extant subfamilies and several outgroups are combined with morphological data scored 
for modern and extinct taxa. This is the first combined analysis treatment of fossil and 
extant Formicidae and is intended to serve as a preliminary analysis. 
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Materials and Methods 
To allow for more direct comparisons with previous molecular-based phylogenetic 
reconstruction and divergence estimation, an aligned molecular matrix was obtained from 
Moreau and Bell (2013), which includes data from Brady et al., (2006) and Rabeling et 
al., (2008). The matrix includes 162 extant taxa, representing all modern ant subfamilies 
and 10 aculeate outgroups, each represented by 5 nuclear genes (18S, 28S, abdominal-A, 
long-wave rhodopsin, and wingless) totaling 3.3 kb. With the exception of Aenictogiton, 
a genus of ants known only from males, all extant and fossil terminals were scored for the 
42 morphological characters detailed in chapter III of this dissertation, with two 
amendments. Character 13, a continuous character describing the total number of 
antennal segments was removed due to incompatibility with Bayesian software. An 
additional character was added reflecting a synapomporhy of dolichoderine ants: 
 
Morphological character 42: 0) sting or acidopore present 1) replacement of sting with 
slit-like opening at junction of pygidium and hypopygium. 
 
Nine of the 15 fossil taxa included belong to the extinct subfamilies Sphecomyrminae 
(recovered as paraphyletic in Chapter III) and Brownimeciinae, the remaining fossil 
terminals are putative crown-group ants (Table 1), which were incorporated to evaluate 
placement of fossils with varied taxonomic assignment and to allow for additional 
internal calibration points.  
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Three partitions were evaluated through parsimony: a morphology-only dataset 
comprising fossil and extant taxa, combined morphological and molecular dataset 
comprising only extant taxa, and a combined morphological and molecular dataset 
comprising fossil and extant taxa. Searches were performed in TNT v1.1 (Goloboff et al., 
2008) under the same parameters outlined in Chapter III, also with symmetric 
resampling. All Bayesian inference was performed in MrBayes v3.2.3 (Ronquist and 
Huelsenbeck 2003) through the CIPRES computing cluster (Miller et al., 2010) utilizing 
combined morphological and molecular datasets modeled under mk (Lewis 2001) and 
GTR+I+G models, respectively. While it possible that gene partitioning and the 
implementation of additional models would impact proposed hypotheses, in this case a 
single molecular model was employed to allow for direct comparison between previous 
analyses and methodology employed in Chapter IV. Parameters followed those outlined 
in Chapter III, with the exception of temporal calibration points and search length, with 
searches lasting 15 million generations. An “agnostic” non-clocklike analysis was 
performed utilizing all data and taxa to assess the placement of fossil terminals without 
imposing any age constraints. Two dating analyses were performed: fossils included as 
terminals with fixed age constraints detailed in Table 1 plus a root age set to a uniform 
distribution between 145 and 185 million years ago; fossils excluded from analysis with 
node calibrations applied as in Table 2. Dating analyses were performed by constraining 
the monophyly of the following clades to allow for the placement of node calibrations: 
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1. Chalybion californicum + Apis mellifera 
2. Formicidae  
3. Agroecomyrmecinae 
4. Dorylinae 
5. Myrmeciinae 
6. Aneuretinae + Dolichoderinae 
7. Formicoid clade 
8. Formicinae 
9. Myrmecinae 
10. Myrmica 
 
These constraints follow previous phylogenetic hypotheses and dating analyses (Brady et 
al., 2006; Moreau et al., 2006; Moreau and Bell 2013). 
 
Table 1. Fossil taxa utilized in combined analyses. 
Taxa Subfamily Locality & Age Reference 
Haidomyrmodes 
mammuthus Sphecomyrminae† French Amber ~100 Ma Perrichot et al., 2008 
Haidoterminus cippus Sphecomyrminae† Canadian Amber ~78 Ma McKellar et al., 2013 
Haidomyrmex 
scimitarus Sphecomyrminae† Burmese Amber ~99 Ma Barden & Grimaldi 2012 
Equivultus Sphecomyrminae† Burmese Amber ~99 Ma 
Barden & Grimaldi, Ch 
III 
Sphecomyrma freyi Sphecomyrminae† 
New Jersey Amber ~92 
Ma Wilson & Brown 1967 
Myanmyrma gracilis Incertae sedis Burmese Amber ~99 Ma Engel & Grimaldi 2005 
Zigrasimecia Sphecomyrminae† Burmese Amber ~99 Ma Barden & Grimaldi 2013 
Sphecomyrmodes 
spiralis Sphecomyrminae† Burmese Amber ~99 Ma Barden & Grimaldi 2014 
Brownimecia clavata Brownimeciinae† 
New Jersey Amber ~92 
Ma Grimaldi et al., 1997 
Agroecomyrmex 
duisburgi Agroecomyrmecinae Baltic Amber ~42 Ma Mayr 1868 
Procerapachys annosus Dorylinae Baltic Amber ~42 Ma Wheeler 1915 
Prionomyrmex 
longiceps Myrmeciinae Baltic Amber ~42 Ma Mayr 1868 
Chronomyrmex 
medicinehatensis Dolichoderinae Canadian Amber ~79 Ma McKellar et al., 2013 
Kyromyrma neffi Formicinae 
New Jersey Amber ~92 
Ma 
Grimaldi and Agosti 
2000 
Myrmica eocenica Myrmicinae Baltic Amber ~42 Ma Radchenko et a., 2007 
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Table 2. Fossil calibrations utilized in extant-only divergence dating analysis. 
Node Calibration Minimum Age Fossil Reference Reference 
Root 145-185 Unknown Brady et al., 2006 
Apis + Chalybion 140 Angarosphecidae Rasnitsyn et al., 1998; Haichun et al., 2002 
Aneuretinae + 
Dolichoderinae 99 Burmomyrma  Dlussky 1996 
Formicoid Clade 92 Kyromyrma Grimaldi and Agosti 2000 
Myrmeciinae 55 Ypresiomyrma Archibald et al., 2006 
Agroecomyrmecinae 42 Agroecomyrmex Dlussky 1997 
Dorylinae 42 Procerapachys Wheeler 1995 
Myrmica 42 Myrmica eocenica  Radchenko et a., 2007 
 
Results 
The combined parsimony analysis excluding fossils largely mirrors hypotheses 
recovered by Brady et al., (2006), in particular, there is support for a formicoid clade 
while the position of the remaining poneroid subfamilies is unclear. One notable 
exception is that the subfamily Amblyoponinae is not recovered monophyletic. 
Amblypoponine genera are placed ambiguously among the earliest branches of 
Formicidae (Figure 1). In the morphology-only analysis, many subfamilies are not 
recovered including Amblyoponinae, Dolichoderinae, Dorylinae, Ectatomminae, and 
Heteroponerinae (Figure 2). Relationships between subfamilies are largely unresolved 
which is reflected in highly ambiguous basal branches. Sphecomyrminae is found sister 
to all remaining ants, however there is very low (27%) bootstrap support for monophyly 
of sphecomyrmine ants. All crown-group fossil taxa were recovered among “correct” 
subfamilies based on previous taxonomic assignment. The combined analysis of extant 
  211 
and fossil taxa produces a more resolved, poorly supported tree (Figure 3). Here, 
Sphecomyrminae is recovered as a polytomy, and once again, crown-group fossils are 
placed within expected subfamilies. Presumably because there are multiple optimal 
placements for fossil taxa within modern subfamilies, clades with fossil terminals are 
mostly unresolved in the stict-consensus of most parsimonious trees. Once again, 
Amblyoponinae is found to be polyphyletic. The position of Brownemecia entirely novel, 
as it is present as sister to Myrmeciinae + Pseudomyrmecinae. 
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Figure 1. Combined parsimony analysis of molecular and morphological datasets 
excluding fossil taxa.   
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Figure 2. Parsimony analysis of morphological characters including fossil taxa. Extinct 
taxa denoted by dagger. 
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Figure 3. Combined parsimony analysis of molecular and morphological datasets 
including fossil taxa. Extinct taxa denoted by dagger. 
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The non-clocklike Bayesian analysis of fossil and extant taxa placed crown-group 
fossils “accurately” with regard to previous taxonomic assessment and parsimony 
analyses (Figure 4). Relationships among outgroups, Sphecomyrminae, and crown 
Formicidae are recovered ambiguously. In addition, Brownemecia is placed sister to 
Myrmeciinae + Pseudomyrmecinae, as in the combined parsimony analysis. Early 
diverging relationships among crown-group subfamilies and the internal topology of the 
formicoid clade is similar to, although less resolved than, hypotheses proposed by others 
(Brady et al., 2006; Moreau et al., 2013). Interestingly, Amblyoponinae is once again not 
recovered as monophyletic. Dating estimates derived from node and fossil terminal 
calibrations are detailed in Table 3, a chronogram of the fossil terminal analysis is 
presented in Figure 5. 
 
 
 
Table 2. Divergence date estimation summary from node-dating and fossils-as-terminals 
calibration schemes. HPD = Highest Posterior Density. 
  Node Calibrations Fossils-as-Terminals 
Clade 
Mean 
Age 
95% 
HPD 
Mean 
Age 
95% 
HPD 
Formicidae 128 116-140 - - 
Crown-group 
Formicidae 108 98-118 111 106-120 
Formicoid Clade 100 95-107 104 100-109 
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Figure 4. Combined “agnostic” Bayesian analysis of molecular and morphological 
datasets including fossil taxa. Extinct taxa denoted by dagger. Branch colors correspond 
to Bayesian posterior probability support. 
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Figure 5. Chronogram derived from Bayesian analysis of molecular and morphological 
datasets including fossil taxa. Branch colors correspond to Bayesian posterior probability 
support. 
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Discussion 
Hypotheses generated herein are intended to be preliminary, as the morphological 
characterset utilized is poorly adapted to most modern ant genera. The inclusion of 
morphological data and fossil taxa do not resolve ambiguities among living groups with 
the character set used, in particular the earliest branches including Martialinae, 
Leptanillinae, and poneroid subfamilies remain unclear. Regardless of taxonomic 
sampling or methodology, results do not reflect novel topologies with three exceptions: 
  
1. The subfamily Amblyoponinae is recovered in several treatments as polyphyletic. 
This is unusual as the monophyly of the group has not been questioned before, 
and may be due to the addition of morphological characters, as monophyly is not 
recovered in morphology-only analyses.  
2. Sphecomyrminae is found to be monophyletic in Bayesian analyses as well as the 
morphology-only parsimony analysis. In all cases, support is low for this result. 
3. Parsimony and Bayesian analysis utilizing fossils yield Brownimecia as sister to 
Myrmeciinae + Pseudomyrmecinae, a novel result, once again poorly supported. 
Brownimecia has been recovered among ponerine genera in the past (Grimaldi et 
al., 1997) but this is the first time Brownimeciinae has been found within the 
newly proposed formicoid clade. 
 
Even with a limited morphological dataset, fossil taxa are appropriately placed into 
largely molecular-based combined analyses, despite missing all molecular characters. 
This preliminary investigation may therefore stand as a tentative example of missing 
molecular data not hindering combined extant-fossil analyses (i.e. Manos et al., 2007). In 
  224 
all partitions and frameworks, crown-group fossils are placed within their putative 
subfamilies. Although, possibly because the morphological characters utilized here do not 
account for within-subfamily diversity, their placement is typically basal and somewhat 
unresolved. Nevertheless, despite the limitations of the dataset, results provide a proof-of-
concept for objective placement of fossil taxa into modern molecular-based datasets. 
Surprisingly, there is little difference in divergence estimation between node- and 
fossil-as-terminal-calibrated analyses. This is partially because the placement of fossils 
was very close to the most common recent ancestors utilized for node calibrations. 
Overall, the inclusion of fossils increased the origin of Crown-group Formicidae and the 
formicoid clade by a mean age of seven and four million years, respectively. The mean 
origin age of Formicidae is estimated at 128 million years ago, a date more congruent 
with fossil evidence than some previous estimates extending into the Jurassic. 
The primary shortcoming of this attempt to unify molecular and fossil data lies in the 
development of morphological characters. Characters employed here do not capture the 
within-subfamily diversity of modern groups, and therefore offer little resolution beyond 
defining monophyly. This is best reflected in the highly unresolved clades recovered in 
the combined parsimony analysis including fossil taxa (Figure 3), where resolution is 
eroded based on ambiguous placement of fossil terminals. Relationships among 
subfamilies are also poorly resolved by morphology here, and this has been the case with 
other morphology-based phylogenies (Urbani et al., 1992; Grimaldi et al., 1997; Ward 
and Brady 2003). In probably the most exhaustive and detailed analysis of ant 
morphology, Keller (2011) was able to resolve many relationships among ant 
subfamilies, however these relationships are largely incongruent with those obtained 
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through large-scale molecular analyses. While incongruence is not necessarily 
justification for the exclusion of data, it is important to note that each morphology-based 
dataset has produced fairly unique hypotheses concerning the position of known 
subfamilies (Urbani et al., 1992; Grimaldi et al., 1997; Ward and Brady 2003; Keller 
2011). Another difficulty lies in the obscure nature of outgroups, visualized best in Figure 
4, as multiple morphologically distinct lineages have been proposed as sister to 
Formicidae (detailed in Chapter I). Vital to continued combined analyses will be a 
morphological character set that accounts for present and extinct diversity with sufficient 
detail to accurately place crown-group fossils while placing early lineages appropriately – 
no small task.   
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Chapter VI 
 
Broad Conclusions 
Advances in DNA sequencing technology have led to a recent, very massive 
explosion of molecular data (Shendure & Ji 2008). In 2001, utilizing the most 
economically effective methods, the sequencing cost per million base pairs (megabase) 
was over $5,000. Today, a megabase of DNA can be acquired for as little as $0.10 
(Wetterstrand 2014) and there has been an exponential increase in the production of 
molecular data – the National Center for Biotechnology Information’s GenBank sequence 
database has approximately doubled every 18 months (Benson et al., 2012). Large-scale 
genetic datasets have greatly aided in the resolution of many longstanding problems in 
evolutionary biology such as the relationships among modern birds (Jarvis et al., 2014) 
and insects (Misof et al. 2014; Faircloth et al., 2014). At the same time, much of the fossil 
history of many groups is left out of these massive molecular-focused projects; there is no 
standard protocol for directly including fossils into analyses. In an effort to make a broad 
statement applicable to all chapters of this dissertation, I would say: fossils are important. 
Each chapter relates to a facet of biological history that is illuminated through 
paleontology. Continued fossil integration can only serve to improve our approximations 
of historical biology and interpretations of evolutionary patterns at large. 
Chapters II and III 
Together, these results challenge traditional viewpoints regarding the diversity, 
phylogenetic placement, and behavior of the earliest ants known. One might wonder how 
our picture of ant fossils and evolution might have differed if Wilson et al. (1967) had 
recovered Haidomyrmex, Zigrasimecia, or Equivultus instead of the generalized 
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Sphecomyrma freyi as the first Mesozoic ant. Stem-group ants were diverse, apparently 
highly social, and ultimately would not persist into the Cenozoic. A key question lies in 
the differential success of stem-group and modern ant lineages. Is there a feature of 
crown-group ants that led to their prevalence in modern ecosystems? Ant significance 
and abundance appears to be a relatively recent development; ants are a minor component 
of fossil fauna worldwide until the Eocene (LaPolla et al., 2013). Their ecological rise is 
elucidated by observing the gradual increase of ants relative to other insects in fossil 
amber (figure 1). The earliest known ant-yielding deposits suggest that ants make up 
between 0.05 and 1% of total insect inclusions during the Cretaceous (Grimaldi et al., 
2000; Perrichot et al., 2010). Prevalence increases to between 5 and 12% in 52-42 Ma 
Eocene amber from China, the Baltic region, and India (Wang et al., 2014; Dlussky and 
Rasnitsyn 2007; Barden and Grimaldi, unpublished) and over 20% in ~20 Ma Miocene 
Dominican amber deposits (Grimaldi and Agosti, 2000). As more deposits are 
characterized near the K-Pg boundary, it may be possible to better understand this key 
period in formicid extinction and diversification. It is also a certainty that Cretaceous 
amber will continue to yield new and exciting morphotypes. 
Chapter IV 
Fossils are a valuable source of biogeographic information as direct windows into 
ancient distribution patterns. This can be particularly helpful with regard to identifying 
relictual distributions. The phylogenetic treatment of Leptomyrmex neotropicus is a case 
study in this regard, albeit on a small-scale. Through combined analysis of morphological 
and molecular matrices, the Neotropical fossil was recovered as sister to modern 
Australasian Leptomyrmex. The genus probably originated in South America and reached 
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Figure 1. Ant prevalence over time demonstrated by major amber-yielding deposits.  
(1) Chiapas Mexican amber (Kraemer 2007).  
(2) Dominican amber, reflects discrepancy between reports (Grimaldi and Engel 2005; 
Dlussky and Rasnitsyn 2007). 
(3) Baltic amber (Dlussky and Rasnitsyn 2009) 
(4) Fushun Chinese amber (Wang et al., 2014) 
(5) Cambay Indian amber (Russ et al., 2010) 
(6) Oise French amber (Aria et al., 2011) 
(7) Sakhalin amber (Dlussky and Rasnitsyn 2007) 
(8) Canadian amber (McKellar and Engel 2012) 
(9) Siberian amber (Dlussky 1975) 
(10) New Jersey amber (Grimaldi et al., 2000) 
(11) Burmese amber (Grimaldi and Nascimbene 2010) 
(12) Charentese amber (Perrichot et al., 2010) 
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Australia by way of Antarctica prior to glaciation. Remarkably, a putative living 
Leptomyrmex worker was recovered from Brazil in late 2014 (B Boudinot pers comm.). 
Initial molecular-based phylogenetics suggest that the new taxon is a member of crown-
group Leptomyrmex. Thus, it would seem a 20 million-year-old fossil was recovered 
nearly 30 years before extant members of the group were known in the Neotropics – a 
Coelacanth among ants! 
Chapter V 
The ant fossil record is very rich, comprising thousands of amber and impression 
specimens spanning one hundred million years (reviewed in LaPolla et al., 2013). Amber 
specimens in particular are preserved with remarkable fidelity, allowing for in-depth 
morphological study. Our understanding of fossil ants continues to grow as new deposits 
are characterized (e.g., Rust et al., 2010; Wang et al., 2014) and assemblages are 
described (Perrichot et al., 2008; Barden and Grimaldi, herein; Dlussky & Putyatina 
2014). This preliminary attempt to incorporate fossils into molecular-based phylogenetics 
was a demonstration of the potential for combined analysis in detailing ant evolution. 
Despite missing all molecular data, and representation by a preliminary morphological 
character set, crown-group ant fossils were recovered “appropriately” based on previous 
taxonomic assignment. More detailed morphological datasets and fossil taxa will likely 
improve the resolution and reliability of combined analysis in the future. In addition, a 
clear picture of where ants lie within aculeates will improve the development of 
morphological matricies and inferred relationships. 
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